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PEE FACE. 



Thirtkem years have elapsed since the discovery of the Oplithal- 
moscope. 

An instrument that afforded naetliods of research so new and so 
extensive, rested for a while, of necessity, in the hands of a small 
number of observers ; who, by the possession of special knowledge and 
special opportunities, were enabled thoroughly to test its nsefulness, and 
rightly to appreciate its value. 

The time has arrived, I believe, for the commencement of the second 
period in the history of this great invention. The knowledge laboriously 
obtained and perfected by a few, has now to be diflfused through, and 
utilized by, the great bulk of the Profession. Specialists may yet effect 
improvements in matters of detail, and refinements in methods of 
observation ; but the great principles on which these must depend are 
already ascertained and established. In this belief I have thought it 
desirable to prepare an English version of Dr. Zander^s exhaustive and 
masterly treatise. 

The premature and lamented deatli of the author rendered it 
impossible for me to obtain his co-operation in my task ; although the 
lapse of nearly three years, since the publication of the original, has 
made it necessary to add considerably to the text. The new matter is 
printed in smaller type than the rest ; and, in writing or compiling it, 
my ambition has been to produce such a volume as Dr. Zander would 
himself have issued at the present time. On the subject of the necessary 
additions, I have availed myself of the kind counsels of Dr. Liebreich and 
Professor Wecker ; and I am therefore able to say, with some confidence, 
that nothing important has been omitted. The description of the method 
by which Dr. Liebreich has recently adapted his large ophthalmoscope for 
the observation of the erect image has, however^ reached me too late for 
insertion. 
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In deference to the practical character of the English medical mind, 
I have been induced to add to the book a Sixth SectioDj not comprised 
in the original, and contfuniug an attempt to set forth an outline of the 
influence of the ophthalmoscope upon treatment. 

Dr. Zander's treatise being essentially a compilation, I do not 
consider that it possesses any literary claim to exact reproduction in a 
foreign tongue. I have endeavoured to render the precise meaning of 
every sentence ; but I have never designedly sacrificed the spirit of the 
English language to the preservation of German idioms, or of German 
prolixity* I have sometimes added a word, in order to obtain greater 
clearness of expression ; and, in a very few instances^ I have detected 
slight inaccuracies, and have endeavoured to rectify them. In such cases, 
I have always either applied to the observer whose statement was under 
discussion, or to the work indicated by Dr» Zander aa the source of his 
information. 

The original contains a copious list of writings on the ophthal- 
moscope, in every European language. This list I have not thought it 
necessaiy to reprint ; but, for the purpose of my own additions, I have 
consulted the following more recent authorities : — 



ArgOagBe, Br. FranciBcu (de Co^a). — Sur In Lentille fluoreBcent. LTnion Mddicftle, 1862, 
B]e«^« Dr. — Em Fall von Embolie der Arteria ccntriUii HeLiDs?. Grafe's Archie, IS^l. 
Dooden, Dr. F, C— Asligmatiamua und cyiiiidri»cbe Gliiser. Derlinp 1S62. 
FoUin, Dr. E. — Lt^-oo& aur rExploration de TCEil. Parb, 1363. 
GalenKuwski^ Dn Xavier, — Hucbercliea opbtbalniOKOOpiques »«!■ Ic* Malftdies de la B^tlne ot 
du Nerf optiqtio^ Annales d^OculUtique, 18G8. 
Nouvel OpbthnlmoBcope. L*t7nl(>D Mcdtcalo, 1862. 
Giraud'Teulon, Dr. — De I'OpbthaltDuacope biooculalre. BiiUeiiD gtSo^nd de Tbdrapeutiqne. 
Janvitsr, ISdS. 
Nouvcil© M»^tht*de pour rExaineo Aato-Opbtb&tmoscoptquc. Aanales d'Ooulbtique, 1868. 
Grif«» Dr. Alfred.— I acha-mia RetiDje. Arcbiv f. 0,» 1861. 
HoddfteiUy Dr. — Die Uotersacbung der Augeti bei ootmentrirtem leitlioheiii Tagesliebt. 

Archivf.O., 1861. 
HitjtnantT. Dr. F. — Frisolio KetibanthiBmorrha^ieD, seetjoD Microiicikpie. Ar^b. f. 0., 1861. 

Die Atitoskopie de« Ajagtt, und erne neae Metbode derselbea. Lotpstg, 1363. 
JMk»on, Dr, J. Hugbliijg»»— Obaerratioui on D«fecU of Sigbt m Brain Disease, and Op 

thaltnofooplc Kxaminatioii during Sleep. London, 1863. 
Elffba, Dr.—IWttng zar anaUiodacben nod betooders kwlologiBohen Vcrbill&iito dm N. Opiioua* 
Vifcbuw'e Archtv, Bit. 19, Hfr. 3 u. 4. 
Pnigvr VierUljahrscbnft. 1661, Bd. II., a. 77. 
K]i»ppr Dr.— Expo«4 dem AvaiitAg«§ do rOpblhaJmoiioope biDoouburo, Annalet VOenlif tiqae, 

1864. 
Latifenoe, Mr, J« 2.--Oa BrnooolAr Opbtluilmuacopy. Brit. Med. Jour., 1862. 
On AfttigmAiiam. Mod, Mirror, 18(M« 
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Liebreiolii Dr. R. — TJeber Refcmitis Leucflemioa, und neber Embolie der Artoria centmlU Retlnie. 

Yortrag, ifebalten in der Berliner Med. Gee*, Dec, 1861. 
Atlu der Ophtludmoicopie. Berlin, 1863. 
M»n£, Prof. W*— Tuberkulose der Cfaorioidea. Archiv f. 0., Bd. IX., Abth. 8, 
Mftrtin, Dr. EmUe. — ^l>Ait^ Medical pr&tique de& Maladies) des Yeux. Paria, 1893. 
BoBOWf Dr, B,^ — Ueber dju komi^e Angenpigmeot. Archiv f, 0., Bd. IX., Abtli« 3. 
Simiacbj Dr. Tb.— Beitrago znr oormalen und patho1ogii»chen AnAtomie des Auges. heipng, 

1S62. 
SohneUer, Dr. — ^F»U Ton EmboUo der ceDiral-artene der Netsbaut, mit Aui^fang in BesBerung. 

Arobiv f. 0., 1861, 
Weber, Prof. C. 0. — ^Bau des GUskorpers und die patbologiaoben Damentlich entzfindliobeii 

Verfkoderangen deaaelben. Virohc»w*» Arobiv, Bd, 19, Hefter S u. 4. 
Pragwr Vierteljahrachrift, 1861, Bd. III. 
Wecker, Prof, L. — £tndea opbtbalmobgiqu&a. Pariu, 1863. 
Wordflwortb, Mr, — Caaes illuilratiraof the Value of the Ophthalmoeoope. B. M. Journal, 1861 

add 1862. Od Tobaooo Atnaoroais. Lan(?ei, 1863. 
Zebender, Dr. W. — Ueber Autopbthalmoakopie. Kliniacbe ^lonatablatter, Mai, 1S6S. 



Among these, the magnificeiit ^^ Atlas der Ophthalmoscopic *' of Dr. 
Liebreich requires a more than passing notice, and I have given references 
to its plates and figures as parts of the headings of most of the descriptions 
in the third and fourth sections of the volume, 

' The measurements used throughout the work require a word of 
explanation. They are, generally, the metric system, or the Paris inch 
and foot* 

The metric system is so likely to become naturalized in this country, 
that it would be almost a retrograde proceeding to convert its divisions 
into English feet and inches. Still, meaaurements appeal very much to 
sight-memory, and there are many persons whose eyes are not accus- 
tomed to use the parts of the metre as standards. The annexed figure 
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represents a decimetre, divided into centimetres, and one of these into 
millimetres. It may be occasionally useful for purposes of reference. 

The Paris inch is commonly employed as the unit by which to 
express the focal lengths of lenses, and it cannot, therefore, be dispensed 
with. Twelve Paris lines make a Paris inch; and twelve Paris inches 
a Paris foot. The foot is expressed by ('), the inch by ("), and the Hue 
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by ('") — with numerals prefixed. The values slightly exceed those of the 
English measures of like denominations. In round numbers^ the Paris 
foot exceeds the English by three quarters of an inch^ and the Paris inch 
exceeds the English by one-sixteenth. 

Dr. E. Jaeger gives his measurements in Vienna inches^ and decimal 
instead of duodecimal lines. The Vienna inch is intermediate between 
the Paris and the English^ and is to the latter as 1*0371 to 1. 

To many English and foreign ophthalmologists I am grateful for 
valuable help, promptly and cordially rendered. Mr. Zachariah Laurence 
and Mr. Heisch, Dr. Giraud-Teulon of Paris, and Dr. Heymann of 
Dresden, have given me much assistance in my inquiries about the in- 
struments they have respectively contrived. 

It remains to say to those readers to whom this book may be 
welcome, that they are indebted, for any pleasure or profit they may 
derive from it, to the enterprise of Mr. Hardwicke. I may be allowed 
to express a hope that this enterprise will be appreciated by the 
Profession. 



Stboud, Gloucesteeshire, 
April, 1864. 
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EXPLANATION OF THE PLATES. 



The annexed figures are intended to furnish ideal representations of the moct 
important appearances of the fundus oculi, and to render the descriptioDe gi^en in 
the text more intelligible. They represent : — 

Plate I. — Figure 1. The normal fundus oculi. 
„ 2. HjpersBmia of the reti9a. 

n. — Figure 1. Inflammation of the retina. 

„ 2. Eetmal changes in Bright's disease. 

m. — Figure 1. Sclerectasia posterior. 

„ 2. Glaucomatous excavation of the optic nenr^ 

In order to obtain, from these figures, the greatest ^ssible resemblance to fbe 
actual conditions represented, the figures should be studied by artifidsl lights and 
through a biconvex lens, fixed in a shori paper tube. The images, formed in tlia 
focal point of the lens, and within the tube, and regarded from the distance fyt 
clear vision of the observer, approach very near to nature. The large ophthalmo^ 
scope of Hasner is well adapt^ for this experiment. 




THE OPHXnALMOSCOPE. 



<•»:«> 



INTEODUCTION. 



I 
I 



EVERY great discovery, that marks an epoch in the history of science, 
must bo in preparation for a variable length of time, and in 
different ways, prior to the advent of the genius who calls it into being; 
and who may have, as one of his chief functions^ to estimate at their true 
ralue, and to unite into a coherent whole, scattered materials of mnch 
importance, but previously wasted because misunderstood. Thus also 
it befel with regard to the invention of the Ophthalmoscope. This 
instrument, after being foreshadowed in a twofold manner, at length 
received from Professor Heinrich Plelmholtss a realization that has rendered 
it the greatest discovery of modern times in the domain of Oplithalmology; 
a discovery the fruits of which we are not yet in a position to estimate 
completely. Its origin may be traced to successive endeavours to solve 
two problems : the first being, why the eyes of men and animals some* 
times shine with a reddish lustre; and the second, why the interior of an 
eye more usually appears dark. 

From the most ancient times a glittering of the eyes had been 
observed in animals possessing a tapetum, especially in dogs and cats. It 
was ascribed to a spontaneous development of light from the eye, under 
the influence of the nervous system^ and was supposed to become more 
vivid when the animal was excited ; an opinion that had its adherents 
even until very recently. The first to controvert it were Prevost, Rudolphi, 
and Gruithuisen (1810), the first of whom discovered that no glitter 
could be seen in a completely darkened room, and that the appearance was 
t)iercfore to be considered only as a reflection of incident rays. The last 
traced the effect to the operation of the tapetum, combined with a great 
refraction by the crystalline lens; and Rudolphi first observed that, in 
order to sec the glitter, the spectator must look into the eye in a certain 
determinate direction. 

B 
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In examiniDg the luminous eyes of dogs and cats, it was observed 
that the colour of the shining ocular background did not remain the samCj 
but varied between different tints of red and green. Esser (1826) gave 
the first complete explanation of this plienoraenon ; from which he 
inferred that in movements of the globe differently coloured portions 
of the tapetura came successively into view^ and determined the different 
tints of the reflected rays. Hasse ostein (1836) sought to explain the 
luminosity by these very movements themselves* lie observed that titc 
light became more brilliant when the globe was compressed in the direc- 
tion of its axis ; and he therefore supposed that it was emitted when, by 
contraction of the orbital muscles, a similar pressure was exerted. 

The exact conditions of the luminosity, without any further explana- 
tion of it, were determined by Behr (1839), who, iu describing a case 
of total irideremia in a girl, stated that, in order to see the reflection^ the 
eye of the observer must look in a direction parallel to that of the raya 
incident upon the eye of the child; and that the luminosity diminished or 
disappeared as soon as the observer looked below the axis of vision of the 
eye observed. 

The various questions about this subject were brought to a scientific 
conclusion by the works of Cumming (1846), and more especially of 
Briickc (1844-7), With these authors must be placed Cocci us (1853), who, 
in his Treatise upon the Ophthalmoscope (pp, 198 et seq,), has completely 
exhausted the conditions of the apparently spontaneous luminosity of the 
human eye. 

The second problem was proposed by Mery (1704), who, as he acciden* 
tally held a cat under water, saw the vessels of the retina and the colour 
of the fundus of tlic eye. It was first answered by l)e la Hire (1709) ; but 
neither De la Hire's explaijation, to which we shall come hereafter, nor 
KussraauFs (1845) — contained in his brilliant Essay, rich in observations, 
for the Prize instituted by tlie Medical Faculty of Heidelberg for the 
anatomical, physiological, and pathological examination of the different 
colours seen in the background of the eye, independently of turbidity of 
the dioptric media — could perfectly satl.sfy all the conditions of the pro- 
posed problem, which was first done by Ilelmholtz, in 185L 

The preceding paragraphs contain, in the .merest outline^ the history 
of a discovery that, like many other German inventions, remained long 
unnoticed in foreign countries. For the first four years, with few excep- 
tions, the ophthalmoscope was little valued out of Germany ; but, as the 
benefits to be gained from it became apparent, it assumed its proper place 
in France, while the more far-seeing English had still earlier turned it to 
advantage. In Germany, however, the country of its origin, it was, from 
the first, employed by the most learned and distinguislied men ; so that, 
by the side of Ilelmholtz^ we find Arlt, Coccius, Von Graefe^ Hasu^r, 
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Jager, Liebreicli, Riiete, and Stellwag, occupying the front rank amon^ 
the observers who eatimated the new instrument at its proper value, and 
raised it to its present position. 

And what is that position ? Ten years ago, when Ilelmholts 
published to the world the first intimation of his discovery, he wrote aa 
follows concerning its possible utility : — *^ I do not doubt, judging from 
what can be seen of the state of the healthy retina, that it will be possible 
to discern all its diseased conditions, so far as these, if seated in other 
transparent parts^ sucli as the cornea, would admit of diagnosis by the 
sense of sight. Distension or varicosity of the retinal vessels will be 
easily perceptible. Exudations in the retinal substance, or between the 

I retina and choroid, will be seen precisely as in the cornea, by their bright* 
ness upon a dark ground. . . . Fibrinous exudations, ustially much less 
transparent than the ocular media, will, when lying upon the fundus^ 
considerably increase its reflection. I believe, also, that turbidity of 
the vitreous body will be determined with greatly increased ease and 
certainty. ... In brief, I do not consider it an overstrained expectation 
that all the morbid changes of the retiua or the vitreous body that 
have been fouud in the dead subject will admit of recognition in the 
living eye; an expectation that appears to promise the greatest progress 
in the hitherto incomplete pathology of the organ/' That this expectation 
has been not only fulfilled, but exceeded, is a statement that will be 
justified by the following pages, in which I shall endeavour briefly to 
exhibit the influence that has been exercised by the discovery of the 
ophthalmoscope upon the study of the diseases of the internal eye. 

Commencing with the diseases of the lenticular system, it is neces* 
sary to remember the present state of knowledge with regard both to 
stationary opacities of the lens, and the different progressive forms of 
cataract, about which a more exact judgment can now be formed of their 
■eat, progress, and the probable duration of their stages of develop- 

' Ment, as well as a more exact comparison be made between the degree of 
opacity and the impairment of vision, than was formerly possible. The 
ophthalmoscope first taught the difference between stationary opacities of 
the lens and cataract ous turbidity ; showing that the latter follows a 
definite course that cannot be arrested, while the former remain fixed at 
a certain stage of development. It taught also, with regard to the course 
of real cataract, that the breadth of the primitive striie is proportionate 
to the rate of increase ; so that the finer the atriaj the more tardy, and 
the broader the stricc the more rapid, will be the progress of the disensc. 
Concerning the mode of development of cataract, it has taught that the 
commencement of opacity is neither in the nucleus nor in the cortical 

laubstance, but in the intermediate or transitional strata of the lens. In 
common senile cataract, for example, the turbidity does not begin in the 

a 2 
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nucleusj long previously yellow, but in the anterior and posterior layers 
imtBediatcly sarrounding it. We now know also, that all the opacities 
that are connected with diseases of the choroid or of the vitreous body, 
have their poiut of origin at the posterior pole of the leus ; and, formerly, 
the diflfercut signs which were relied npon in order to distinguish com* 
mencing cataract from amblyopia were so uncertain that the surgeon 
would often subject his patient to months or years of harassing treatment, 
and would only discover his error when it became evident, even to a 
layman, that the case was one of grey cataract, and not the commence- 
ment of amaurosis. 

With regard to affections of the vitreous body, the ophthalmoscope 
has revealed the frequent occurrence of effusions of blood into its sub- 
stance; and that such effusions may, in the course of a few weeks, become 
absorbed. It has enabled us to estimate the connection and aetiologieal 
relations between floating opacities and choroidal disease. It has shown 
the peculiar seat of cholesterine crystals, the presence of living entozoa, 
and of foreign bodies that have penetrated the organ ; and, in the form 
of iritis known as aquo-capsulitis, in which the impairment of sigiit 
is often disproportionate to the degree of opacity visible either to tho 
naked eye, or with a lens and oblique illorainatiou, the ophthalmoscope 
has shown that this impairment is caused by the infiltration of the whole 
vitreous body with floating molecules, and has thus proved the frequent 
sympathy of the inner membranes with the more evident disease. 

lu the disorders of the inner membranes themselves, of the choroid, 
retina, and optic nerve^ — almost a terra incognita before its discovery — 
the ophthalmoscope has rendered assistance equally great. We are indebted 
to it for an exact knowledge of inflammation, pigmentary changes, apo- 
plexy, and posterior staphyloma of the choroid, as well as of hyperaemia, 
inflammation, luemorrhage, atrophy, fatty degeneration, and separation of 
the retina. It has reduced to an impossibility Walther's definition of 
amaurosis^ as a atate in which *' the patient sees nothing and the surgeon 
likewise nothing/' since the bugbears of ophthalmology, that formerly 
concealed themselves under the names glaucoma, amblyopia, and amau- 
rosis, have been for the most part traced to definite anatomical conditions. 
Through its assistance, therefore, in the place of doubt we have certainty; 
and in the place of inductive reasoning the direct perceptions of sense j 
which laj^t alone can be accepted as certain truths by the inquiring spirit 
of natural science. 

The instrument has been not less valuable as a help to rational 
therapeutics, than as the basis of rational pathology. So long as the old 
Hippocratic maxim, "qui bene noscit, bene curat," expresses a truth — 
so long as an exact knowledge of the seat and causes of disease is 
essential to the application of rational treatment — so long may we 
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ascribe to the ophthalmoscope a greater valuCj aa a source of therapeutic 
iudications^ than even to the stethoscope and the pieximeter ; since it is, 
as a means of dia^osis^ more immediate, certain, and indispensable 
than they. For, since the perceptions of sense are more definite in pro- 
portion to the more direct and complete exhibition of the nature, shape, 
and material conditions of their object, it is impossible to doubt that the 
information afforded by sight is more certain and exact than that derived 
from heariog, or any other sense. The instrument is more indispensable, 
inasmuch as the practitioner, in his diagnosis of various bodily afiections, 
is not entirely dependent upon physical signs, and may find in functional 
symptoms a sufficient foundation for his opinion. In the diseases of the 
internal eye, on the contrary, the numerous symptoms of functional 
disturbance are inadequate by themselves to indicate the proximate morbid 
state on which they depend ; and they first attain a positive value when 
the material conditions that cause them have been determined, in the only 
possible way, by examination with the ophthalmoscope. To the exactness 
of such examination we are therefore indebted, in fact, for a system of 
therapeutics in which the rational application of remedies has superseded 
a blind empiricism. And even when the ophthalmoscope reveals organic 
changes against which our remedies are useless, it is still of great value 
in affording positive data for a sure prognosis; and in sparing the patient 
that course of treatment, often painful and debilitating, and always useless, 
that the empiricism of former times was accustomed to prescribe for the 
midtitude of amaurotic patients. Lastly , the cultivation of ophthalmoscopy 
is of no small advantage as an antagonist to the counsels, often ridiculous, 
often even dangerous, of the quack; since it enables us to recognize the 
earliest stages of those changes in the internal ocular textures from which 
amblyopic or amaurotic atiections proceed ; and to employ, with compara- 
tive ease and certainty, means to stop their progress, or^ at least, to 
delay their consequences, against which, at a late period, all treatment 
might be inefficient or wholly useless. (Quaglino.) 

I shall endeavour to show hereafter, in the Fifth Section, in what 
manner the ophthalmoscope can be made useful in forensic medicine, and 
will only mention here, as by no means the least merit of the discovery, 
that it has been the cause of bringing to perfection other means of 
objective examination. Of such it is sufficient to remember lateral 
illumination, the new method of examining the field of vision in affections 
of the choroid, retina, and optic nerve, and the tests of the quantitative 
perception of light* 

After thus reviewing what has been accomplished by the ophthalmo- 
scope, and is barely indicated above, it is impossible to refuse assent to 
the words of Hasncr: — "The ophthalmoscope is not only the most 
valuable boon to ophthalmology, but is also one of the greatest creations 
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of our century. What the telescope is to astronomy^ the ophthalmoscope 
is to ophthalmology. The telescope owed its existence to accident ; but 
the opthalmoscope is absolutely the mature offspring of theory^ and is 
therefore a greater ornament than the former, not only to Helmholtz its 
originator, but also to the age itself, which has not been indebted to blind 
chance for its greatest discoveries, but has known how to deduce them 
from exact and laborious scientific investigations.'' 
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SECTION THE FIRST. 



THE VARIETIES OF THE OPHTHALIMOSCOPE, AND THE 
PRINCIPLES ON WHICH THEY DEPEND. 

WHEN we look at the eye of another person, the pupillaiy Bpace 
usually appears black, and the iaterior of the orgau does not 
return to the spectator a single reflected ray. We have here^ therefore, 
an apparent exception to the well-known physical law that the passage 
of light from one medium to another is never complete, and that 
some of the rays that fall upon the new medium are in all cases bent 
back again or reflected* 

The reasons of the dark appearance are briefly as follows : — Let us 
suppose that a luminous point is placed at such a distance from the eye, 
that^ by proper accommodation of the latter^ an exact image of the point 
is formed on the sensitive layer of the retina* As the retina, notwith- 
standing its complicated elementary structure, is so far transparent that 
nearly all rays pass through it, and only a few are reflected by its surface, 
the former portion will reach the choroid, and w^ill, in great measure, 
be absorbed by its dense layer of dark pigment* The darker the 
pigment, the more complete will be the absorption; but, a» an abso- 
lutely black surface, capable of retaining all the light it recei\^es, does 
not exist in the eye, some portion of the incident rays must always be 
reflected, both by the choroid and by the sclerotic beneath it. This 
reflection, if we disregard what is efllected by the polished boundary 
roerabraDCs within the eye (the membrana limitans, choroidal epi- 
thelium, &c., &c.), is wholly irrcgultnr, and is dispersed throughout the 
entire vitreous body. If the fundus of the eye reflected light regularly^ 
4t would have precisely the action of a concave mirror, and the observer 
Fwith the ophthalmoscope would see only luminous reflection, or floating 
images of his lamp and his instrument, but not the vessels of the retina, 
the surface of the nerve, the vascular network of tlie choroid, and so 
forth." The irregularity of the reflection is proved also by the fact that, 
"in an eye in which two excentric artificial pupils had been made, or 
in which partial irideremia was present, when the fundus was illuminated 
through one opening only, the reflected light returned equally and in 
the same quantity through both; and through both the colours and objects 
jf the interior were perceptible,^^ (Businelli.) 

There is, moreover, still farther evidence aftbrdcd by pathological 
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conditions known to the earliest oculists^ such as separation of tlie retina 
from the choroid by serous effusion, or cat's-eye amaurosis ; as well as by 
albinocs, in whom the iris is translucent* The brightness of the interior of 
albiuotic eyes depends entirely upon the hght diifused over every portion 
of the retipa from the illuminated iris, and not at all upon a more 
abundant reflection, in consequence of the deficiency of pigment, of the 
rays entering through the pupiL It has been shown by Bonders that 
Buch eyes present the ordinary complete darkness of the interior, as soon 
as they are protected by a screen having a small circular opening, tlirough 
which light is admitted to the pupil alone, the general surface of the iris 
being in shadow* Lastly, Helmholtz has suggested the experimeutal proof 
furnished by taking " a small camera obscura (for example, an artificial 
eye), well blackened within, and having an opaque white surface, such as 
a piece of thick drawing paper, placed in the position to receive the image. 
The eye-piece of a microscope, with the drawing-paper substituted for 
the ocular glass, will usually auswer the desired purpose, as its tube 
mostly corresponds exactly with the focal length of its objective. It 
follows that this objective will form upon the white paper clear images 
of surrounding objects; and yet, if we attempt to look through the 
objective, the interior of the tube will appear absolutely dark. We have 
in this an apparatus analogous to the eye ; the objective representing the 
cornea and crystalline lens, and the white paper representing the retina ; 
and we find in it the same complete iuterior darkness as in the eye 
itself, so long as the paper is accurately placed to receive clear images of 
external objects. But if the objective be removed from the tube, or if 
its distance from the paper be considerably varied, the bright whiteness 
of the latter becomes immediately visible to the spectaton^^ 

Of the light reflected from the ocular background, a portion returns 
through the dioptric media and passes out of the eye. But, in eonae- 
quence of the action of the refracting apparatus, and especially of the 
eomea and crystalline lens, the incident and emergent luminous cones 
coincide precisely ; insomuch that, if the eye be exactly accommodated 
for any luminous point, the rays leaving the organ will return to, and be 
again united in, that point itself. The object and its retinal image are 
in the position of conjugate foci ; and the rays proceeding from either 
focus are reunited in the other ; so that every ray, in its exit from the 
eye, follows precisely the same course as in its entrance, and the image 
of the retinal image is formed only at the luminous object-point* In 
order to perceive the returning rays, it is evident that the eye of the 
spectator must be interposed between the source of liglit and the eye that 
is illuminated, which cannot be done without cutting off the illumination 
from the latter. 

It is just as little possible to perceive light from the eye of another 
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person when the latter is exactly accommodated for the pupil of the 
observer. For, under these circamstances> a perfectly dark image of the 
pupil of the observer will be formed on the retina of the eye that is 
observed. C!onversely, the dioptric media of the latter will return an 
image of this dark portion of the retina to the former, and the observer 
will therefore see nothing but the reflection of his own dark pupil. 




Under certain conditions, however, we may see the fundus of the 
human eye shine with a reddish lustre. Such conditions are shown in 
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Pig, 1, where F is a luminous point, and S a polisbed plate of glass, which 
reflects the light a b faUiog upon it, into the observed eye Bj in a direc- 
tion as if it came from a point F', lying as far behind the plate S as the 
actual point F lies before it* Disregarding the loss of light caused by 
irregular reflection and other circumstances, the rays ad and b t\ reflected 
from S, enter the observed eye, and become united upon its retina at e. 
The emerging rays in their exit from B, must take precisely the same 
course as in their entrance; they proceed, therefore, in the converging 
cone c b a d to the plate of glass, by which they are partly reflected back 
to F, while the remainder proceed in an unaltered direction forwards, to 
unite in a focus at F' and then again to become divergent. If now the 
eye of the observer be placed so as to intercept them before their union, 
as at A', it receives from e convergent rays that, made more convergent 
by its own refraction, are united before they reach its retina, upon which, 
after crosi^ing, they form only the dispersion circle a* j3'. The eye A' 
would certainly therefore receive no image, hut only the sensation of 
light — it would see the eye B illuminated ; and the same would happen 
if it were so placed as to intercept the diverging rays behind the point F\ 

After this principle was announced by A^on Erlach, Professor H, 
Helmholtz, then of Konigsberg, and since of Heidelberg, was the first to 
discover the reason why the retina was not distinctly seen, and to find 
the means of rendering it visible* The problem was threefold : the 
observed eye must be sufficiently illuminated ; the eye of the observer 
must be placed in the direction of the emerging rays ; and these must 
themselves be changed from their convergence, and rendered divergent or 
parallel. The solution of the main difficulty was obtained when, in a 
darkened chamber, the light of a lamp was allowed to fall on a well 
polished plate of glass in such a manner that the rays reflected therefrom 
entered the eye to be observed. The observer placed himself on the 
other side of the glass plate, and made the convergent rays divergent by 
a concave lens. Thus, in Fig. 1, we place a concave glass C before the 
eye of the observer A, and convert the convergent pencil b gf a, coming 
through Sf into the divergent pencil ff i k f, so that the eye A may 
form upon its retina at e' a clear image of the point e. 

The combination of such an illuminating apparatus with suitable 
lenses forms an instrument by which it is possible clearly to see and 
examine the details of the background of the eye of another person. To 
this instrument Helmholtz gave the name of Eye-mirror, or Ophthal- 
moscope. 
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Fig, 2. 






I.— OPHl^ALMOSCOPES WITH EEFLECTOES FOEMED BY 
PABALLEL SURFACES OF GLASS. 

1. HELMHOIiTZ'S OPHTHALMOSCOPE. 

This instniineiit is shown of its natural size, in section, in Fig. 2, 

and in perspective, reduced one half, in Fig. S, with the reflectiiii^ surface 

turned towards the spectator* It is represented with a modificatiou 

contrived by the mechanician Eekoss^ 

who added to it the revolving disks 

now usually called by his name, and 

serving to hold the necessary concave 

lenses* The reflecting glass plates are 

shown at a a. They form the hypo- 

thcnuse of a prismatic box, the section 

of which is a right-angled triangle* 

The other surfaces of this hollow prism 

are composed of metal ; and^ in order 

that they may absorb light as com- 
pletely as possible, they are lined with 
black velvet* 
Fig. 3. The smaller of 

the two sides 

that contain the right angle is so connected with 
the basis of the instrument that it can turn freely 
on its optical axis ; and it has an opening corre- 
sponding to this axis. The glass plates are held 
together by a rectangular frame, which is secured 
\^ by two screws e e to the prismatic box* In order, 

with the unsilvered mirror, to reflect half of the 
incident rays, we may employ either a single 
plate of glass, or a greater number, lying super- 
imposed upon one another. The necessary angle 
of incidence of the rays to be reflected is, for 
one plate = 70", for three plates = 60°, and for 
four plates ^ 56*^. 

In ff fff the metallic framework of the instru- 
ment, is an axis d rf, on which the two disks b b 
and c c revolve. Each of these disks has five open-> 
ings ; and in eight out of the ten arc placed a series 
of concave lenses, of from 6" to 13" focal length, the 

Other two openings being empty. By turning the disks, these openings 
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can be brought one after another into the optical axis of the instruraent, 
8o that the observer, applying his eye to the basin-shaped eye-piece B, 
tnay look through any of them, and also through the glass plates a a. 
In order that the disks may not change their position^ they have indenta- 
tions on their margins^ to receive the ends of two springSj one of 
which is shown at A. 

In using this ophthalmoscope, the observer sits close in front 
of the patientj and places at his side a brightly bnroing lamp. An 
opaque screen is then so arranged that it shades the face of the patient* 
The observer first brings the mirror nearly into its right position before 
the patient's face, and so manoeuvres it, that the plates of glass throw 
their bright reflection into the eye to be examined ; upon which, looking 
through the instrument, he will see the retina shine with a red glow. If 
he be unable to accommodate his eye for the vision of fine details, he 
must turn one of the disks with the forefinger of the hand that holds the 
instrument, until he has found the necessary concave lens* If the illu- 
mination of the retina should disappear, the observer looks for the 
bright reflection from the glass plates upon the face of the patient, and 
guides this reflection back again into the eye. 

The advantages of this ophthalmoscope are, that it allows us to 
observe exactly the position of the retinal image of the flame, and the 
changes of this image in accommodation for nearer or farther distance ; 
and also that a healthy eye can bear its illumination for hours without 
becoming inflamed or blinded. The disadvantages are comparatively feeble 
illumination of the fundus oculi, and disturbing reflection from the 
cornea; which last objection is diminished as much as possible by 
polarization of the light by means of four plates of glass. The instrument 
is chiefly useful, however, in physiological observations and experiments ; 
and in surgical examinations, where a larger field of vision and good 
definition with less magnifying power arc mostly required, the perforated 
mirror with a convex lens is found to deseiTe the preference. 
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is shown in Fig. 4. It is essentially the instrument of Helmholt?:, 
rendered stationary, and with the addition of a convex lena, which, 
placed near the lamp, throws divergent light upon the reflecting plates. 

The instrument consists of the following parts. The apparatus of 
Helmholtz, with its reflecting glass plates/, is connected to a wooden pillar 
a by means of a hinge h, which permits of revolution about its vertical 
axis. The concave lenses necessary as ocular glasses are secured in the 
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frame ^, moveable on its horizontal axis* The stand a bears also 
the sleufler arm e, on the end of which the light b together with its 



Fig. i. 






C'3 



chimney-glass 

Lmre fastened. 
This arm carries 

{also the bicon* 
vex lens c, placed 
between the 
light and the 
instrument, and 
sliding back- 
wards and for- 
wards. 

The addition of a convex lens as an illuminating 
glass is unquestionably an improvenient on Flclmholtz* s 
instrument, but is not a contrivance of Follin's^ Helm- 
holtz having first suggested it himself. The setting 
up of the lens in the vicinity of the flame is of little 
advantage; sincei in practice, the mirror being made 
dependent upon the line of direction of the rays^ its 
mobility is hindered ; and, moreover, the variations of 
the focus of the rays that are necessary for the deter- 
mination of different depths in the eye are rendered 
impossible* 

Another principle by which the fundus oculi of a 
second person may be seen illuminated is given by 
BiUcke. In Fig. 5, let F be a luminous point, and B the eye to be 
observed, accommodated for the distance B F, and C the image of the 
point F upon the retina of B. In such case, the whole of the rays 
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reflected from C would be again united in F, and the eye of the 
observer A placed near F and looking towards B would receive 
none of them and would see B's pupil black. If, now, the accom- 
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modation of B for the distance B F being steadily maintained, the 
luminous point be moved nearer^ to F*, then the rays proceeding from F 
would have their point of union behind iJ*s retina in D. Bein^ inter- 
cepted, however, by the retina, they form upon it the circle of dispersion 
a /3* But as the refraction of B is adjusted for the distance F B, so the 
rays that are reflected fi'om o ^ will be united at that distance : for 
example, the rays proceeding from the point a, in the direction of the 
prolongation of a x, at the distance F B, and therefore at a'; and those 
proceeding from j3, in the direction j3 x, at /3'. In this case, the eye of 
the observer A^ so long as it was placed between the limits ci' ft\ would 
receive a portion of the reflected light, and would see B illuminated- 
Upon this principle rests :— 



8. HELMHOIiTZ'S "SIMPLEST OPHTHALMOSCOPE." 

The surgeon and the patient seat themselves in a darkened chamber, 
with a table so placed as to interpose a corner between them, aod with 
their faces about a foot asunder, If tlie right eye is to be examined, the 
table must be to the left of the observer, who places upon it a lighted 
candle at the level of the eyes, near to himself, and interposes a screen 
between his eye and the flame. The patient is then directed to look 
through the clearest part of the flame at some imaginary point in the 
distance of the room and behind the observer, who himself looks in a 
direction close to the edge of the screen, and sees the observed eye 
illuminated, and the more strongly, the nearer his line of sight approaches 
to the margin of the flame. In blue and myopic eyes the illumination 
is stronger than in brown and normal eyes ; but in these it is recog- 
nlzable* As soon as the surgeon has found the best position of bis eye 
for the observation, he interposes a convex lens of H" or 2" focal length 
and J" diameter, and holds it close before the patient's eye. He 
then sees the iris and pupil slightly magnified^ and is gnidcd by the 
outer parts of the eye to place the lens without difficulty before the 
pupil, which will now appear still more strongly illuminated. The lens 
should then be gradually withdrawn from the eye observed, in such a 
direction that the red luminosity always corresponds with the middle of 
the pupil, so that the red field of the fundus oculi becomes larger and 
larger until it overspreads the whole surface of tlie lens. The observer 
will then usually obtain a clear image of the retinal vessels, as distinct, 
strongly marked red lines ; but, if he should not see them clearly, he 
must remember that this image is not formed on the surface of the lens, 
but nearer to himself by the length of its focal distance, 1^" or 2", and 
that he must therefore accommodate his eye for vision at such a nearer 
distance as the position of the lens may indicate. When the two eyes 
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arc 12" apart, the observer will have the image about 8" or 9" in front of 
him, and therefore at a couvenicut distance for normal vision; but, if he 
be either near-sighted or presbyopic, he will require the farther aid of the 
same glass that he is accustomed to use for reading. 

In Fig, 6j let F represent the flame^ A the eye of the observer, B of 
the patient, 8 a screen behind the flame, close to the margin of which 
the eye A looks towards B, and L a convex lens of t!ie focal length L C 
Rays that, from some point of the flame F fall upon B^ having passed 

Fig. G. 



O 




through i, and become convergent, are therefore united by the dioptric 
apparatus of B more or less in front of the retina, as at o, from whence 
they overcroas and diverge, and first strike the retina as a circle of disper- 
sion a /3. The eye B perceives only a luminous disk ; and, in generaif 
cannot accommodate itself for any determinate distance; so that in 
respect of accommodation it remains passive, that is, in a state adapted 
for imrallel rays. It follows that the rays reflected from any point of 
the luraiuons circle a ft will become parallel on tlieir exit from the eye, 
and will follow tlie direction of a line drawn from their point of origin 
through the crossing-point ;r. Falling upon the lens L, these parallel 

Fig. 7. 
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r' 



rays will be united in the piane of its principal focus C\ at which distance 
from L will be formed, in the position a' /3', an inverted magnified image 
of a /3 ; and, when the oljserver accommodates for the distance A C, he 
will see there a clear inverted image of some part of the illuminated retina. 
Let us now, as in Fig, 7, replace the screen S by a perforated concave 
mirror held directly before the eye of the observer, and let us place the 
flame by the side of the eye B in such a manner that the mirror reflects 
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light through the lens L upon B. The arrangement of Fig. 6 is not 
iiltered in essentialsj but we gain the advantages of looking as if through 
the middle of the flame, and of throwing from 8 light already convergent 
upon L. 

The merit of having first applied this principle, by using as an 
ophthalmoscope a perforated concave mirror, which must always afford 
the best means of illuminating the eye* belongs to Professor Th. Rnete; 
who alao was the first to demonstrate the practicability, and to prove the 
great value, of the examination of the inverted image, Hia apparatus 
and its numerous modifications constitute the Second Claims of Ophthal- 
moscopes. 



4, LAITBENCE'S EEFIiECTIlS^G OPHTHALMOSCOPE. 

Before following Dr. Zander in hia account of the Second Class of Ophthalmo- 
scopea, it ia necessary la thia place to describe an instrtunent very lately invented 
by Mr, J, Zachariah Laurence, and occupying a position intermediate between the 
first class and the second. It consists e^^sentially of a piece of plate-glass, Inter- 
posed between the eye of the patient and the source of light. The arrangement will 
be readily understood by reference to Fig, 1, in whicli, for oar present parpoee, 
B will represent the eye to be examined, F^ the flame, and P the eye of the 
observer ; and the eyea A and A', and the lens C, may be left wholly out of account. 
The ray a of light from F* penetrate the glaas plate S^ and enter the eye B, from 
which they retnm, either divergent^ convergent, or parallel, according to the stata 
of ^*s refraction and accommodation. Of these retuming rays, the greater pari 
again pass through 8^ and regain their source; but some portion will be retiected by 
B to F, and will tbere become visible to an obaerver. It is quite conceivable that 
an observer might, under these circamstances, see an erect virtual image of the 
fundus, for which pnrp^ose he would require the aid of a concave lens if the eye 
under examination were myopic, or even if it were emmetropic, but aceomraodatod 
for some nearer poiat than iniinite distance. Am the apparatns has been hithei-io 
arranged, however, no details of a virtual image have been rendered visible, and 
nothing has been seen in this way but the red reflex of the fiiiulns. It ia probable 
that the loss of light by the transparency of the reflecting surface has been one 
cause of thb imperfect success. By interposing a convex lens between the eye B 
and the plate 8, a intich better result has been obtained. The first eilect of such a 
Jeas is to concentrate tlie light it receives from the tlame, and thus to increase the 
illumination of B*9 retina. Its next effect {$ee Fig. 6) i« to render the returning raya 
convergent, and to bring them to union in or near the plane of it« principal focus, 
whore they form an inverted actual image of the parts of B*^ retina from which they 
proceed. Diverging from this image, the rays impinge upon the plate 8, and are 
reflceted by it in sufficient quantity to afford to the spectator at F a very fair 
view of the optic nerve and vessels. These are seen partially invei"ted, that is to 
say, upside down, but not displaced laterally ; in a way that will Ijo better understood 
when I come to describe the effect that is produced by Dr. Heyraann's antophthal- 
ntosoope. It is, of course, essential that the convex lens and the glass plate should 
be separated by a greater inU?rval than the principal focal length of the former ; 
and the more this interval is increased, the larger will be the size of the image, and 
the fainter its illumination. The surfaces <:*f the glass plate must be perfectly iiaralleJ 
and perfectly smooth ; as, otherwise, a separate image will be reflected from eacb 
of them, and the two images will confuse one another. There will also be an 
image reflected backwards from the lens, and visible to a spectator looking over the 
shoulder of the patient. 
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Bj modifying tHe inclinatioB of the plate S^ the position of the poiDt F may 
be greatly varied, and tbe reflection may even he thrown into the other eye of the 
person nnder examination, so as to convert the apparatus into an ant-ophthalmo- 
scope. By snch an arrangement I have fonnd it eaay to see with either of my eyes 
the luminosity of the other; but I have not succeeded in observing details. The 
acutenesa of the angles of incidence and rejection is a formidable difEiculty in the 
way of self-examination by such a method. 

The experimental instrument employed by Mr* Laurence consists of a horizon- 
tal stem about a foot long, supported by an upright stand* Two small uprights 
slide in a groove on the upper surface of the stem ; and carry, one a convex lens of 
2'' focal distance, the other a small sqnare of plate glass, both so arranged as to turn 
upon their vertical axes. The light is furnished by an argand burner, surrounded 
by an opaque chimney with a single small opening ; and the place of examination is 
otherwise completely darkened. The patient is placed about three feet from 
the lamp, the convex lens about 2" from the cornea, and the glass plate about 4" 
from the lens. The eye, the lens, the plate glass, and the flame, must all. of ooursc, 
be perfectly on the same level, and their centres must be in the same straight line. 

I have described the apparatus at some length, because it apjx?ars likely* if it 
can be brought nearer to perfection, to render impiortant aid in the instruction of 
stndenta. The reflection is visible to more than one observer at once; and may, 
perhaps, hereafter be rendered visible to a class. At present the matter is entirely 
in its infancy ; and nothing but the principle can be considered as established. The 
idea was suggested to Mr. Laurence by the celebrated ** Ghost " of Measrs. Dirckea 
and Pepper, which is produced in a very similar manner. 

Still more recently, Mr. Laurence has modified his instrument in the following 
way : — He illnminates the eye by a lantern having only one opening for the exit of 
light ; and places in this opening a convex lens of such power that the flame is in its 
principal focus. By this arrangement the rays proceeding from the lantern are 
rendered parallel. They pass through the plate of glass to reach the eye ; and, under 
ordinary circumstances, will retain their parallelism on their backward course. 
The biconvex lens is then placed, not between the plate and the eye observed, but 
between the plate and the spectator ; so as to unite the rays into an actual image 
after they have undergone reflection, instead of before. The image thus formed may 
be magnified by a second lens ; and Mr. Laurence unites the two in a tube, which 
thus resembles an astronomical telescope, and is leveJled at the reflecting plate. 
Mr. Laurence proposes to convert this tube into a terrestrial telescope by the 
addition of an erecting eye- piece. 

The formation of the actual image subsequently to reflection brings this form 
of ophthalraosGope into the ordinary position of being only available for one observer 
at a time. Mr. Laurence informs me tliat it gives very good results ; but, beyond 
simplicity and cheapness, I am not aware that be claims for it any special 
advantages. It is, however, of such recent invention, that time and farther experi- 
ments are needed for the determination of the degree of excellence that it is calculated 
to attain. 
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6. THE OPHTHALMOSCOPE OP BUETE 

13 shown in Fig. 8, one-eiglith of the natural size» A pillar a, rising 

from a round wooden foot, haa in its nxis a cylindrical wooden rod A, 

sliding up and down^ and retained at any desired height by a spring on 

pjg^ 3 its lower end. To the top 

of this rod is secured a 
brass semicircle c, which 
may thns he raised or de- 
pressed, turned right or 
left, at pleasore, A con- 
cave mirror d, of about 
three Paris inches diame- 
ter, and 10" focal length, 
I'— 1 K — V a—lM (I with a central perforation, 

is attached to the semicircle 
by screws, so that it may 
turn upon its own hori- 
zontal axis. Half-way up 
the pillar a are two 
wooden rings, e and f, 
turning freely* Each ring 
carries an arm projecting 
horizontally. The arm ff 
supports a blackened screen, the arm h its graduated in twelve Paris 
inches, and supports two vertical pillars, t and k^ made to slide backwards 
and forwards. These contain small rods, / and m, sliding up and down, 
furnished with springs like that of the rod A, and carrying the necessary 
concave or convex lenses. 

To use this instrument, it is placed upon a small table in front of the 
patient, whose pupil has first been dilated by atropine, and who aits upon 
a stool in a darkened chamber. Upon a table near him, but on the 
contrary side to the eye that is to be examined, stands a lamp that can be 
raised or lowered. The perforation of the mirror, the axis of the dioptric 
lens, and the flame of the lamp, must all be on the same level as the 
eye. Wliile the patient looks at the lens nearest to him, placed at a 
suitable distance, the observer directs the light, reflected from the mirror, 
into the eye; and then, sitting behind the screen, looks through the 
perforation- If it be desired, by means of the formation of a dispersion 
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circle on the retina, to include a larger portiou within the field, the lamp 
must be moved forwards or backwards; and if it be desired to diminish 
the illumination, a third or a half of the mirror may be covered by 
the screen. 

For examination of a virtual, erect image, it is necessary to place 
in the stem / a concave lens of from 8" to 9" focal length. This should be 
distant from 1" to S" from a short-sighted, and from 3'^ to 5" from a far- 
sighted eye ; but by sliding it backwards and forwards the exact distance 
required by the accommodation of any particular eye may be found. A 
short-sighted observer must use his accustomed spectacle glass. The 
inspection of the erect image is more especially useful in order to 
examine in detail the objects of the fundus oculi, and to determine 
their peculiar colours, as well as the transparency of the whole refract- 
ing media. 

For examination of an actual inverted image, it is necessary to 
substitute a convex for the concave lens. If the stem I carry a convex 
lens of about 1^'^ focal length, the observer will obtain, when this lens 
18 distant nine or ten inches from his own eye, and about one 
inch from the eye of the patient, an inverted picture of the retina, 
magnified from 2 to 3^ diameters, and showing the finest branches of the 
central vessels, small aneurisms, extravasations, and so forth. If two 
convex lenses be used, the first of 1^', about one inch from the eye 
of the patient, — the second of 44", about 5 J" distant; this combination 
\^ill afford an inverted image about three times magnified, but apparently 
filling a larger field than the former. The annoyance of reflected mirror 
images may be removed by turning the lenses on their vertical axes, so 
that they stand somewhat obliquely to the optical axis of the eye. An 
image magnified nine or ten times is afi'orded by two convex lenses, one 
of 1 i" focal length, the other of 3", the first about two inches, the second 
about six inches, from the eye of the patient ; but the steadiness of the 
eye required by this combination can seldom be obtained. 

This, and all other concave mirrors, produce their effects according 
to the following optical principles : — 

In Examination op the virtual, erect Imags. — In Fig, 9, F 
represents the flame, S the mirror, L the concfive lens, B the eye exam* 
ined. From the flame F, rays of light F a and F b fall upon the mirror, 
and are reflected from it in directions converging towards its focus. They 
are intercepted before they meet by the concave lens L, and rendered 
divergent. Proceeding, they strike divergent upon ^'s cornea, and form 
upon its retina the dispersion image a j3. Returning in their course of 
entrance, the rays a d e and /3 c f would unite in g^ were they not again 
rendered divergent by L, so that the observer at A seen a magnified erect 
image a /3\ apparently situated behind a /3. 

c 2 
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In Examination op the actual inverted Image. — ^In Fig. 10^ f 
again the flame^ 8 the mirror^ L the convex lens^ and B the eye obBerv 



Fig. 9. 



Fig. 10. 
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The rays a e, b f, proceeding convergeiit from the mirror, and renden 
more convergent by their passage through the lens^ strike the cornea 
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Bm c and rf. Rendered still more conirergent by the dioptric apparatus of 
B, they intersect at some point in front of the retina, for example, at Oj 
and form on the retina the dispersion circle a J3. As shown in Fig, 6, on 
account of the passive state of accommodation of the eye, the rays proceeding 
from it will follow courses parallel to the lines of direction a x and /3 a*, 
and after their refraction by the lens L will unite to form at a (i' an 
actual inverted image of a j3, 

"While the great advantages of this instrument in respect of the 
brightness^ sharpness, and beauty of its images strongly recommend it for 
clinical demonstrations, where the head of the patient can be supported 
by an assistant, yet the fact that it is somewhat difficult to manage 
diminishes its practical utility for ordinary purposes* 



e. THE SMALLEB OPHTHALMOSCOPE OP RITETE, 

To obviate this inconvenience, Ruete has constructed a smaller, 
portable instrument, of which the following is a description : — 

A small, centrally-perforated concave mirror (of IJ" diameter, and 
if" — G" focal length) is attached by a hinge-joint to a brass staflf, like, but 
larger than, that of Coccius's ophthalmoscope. Behind the mirror is a 
spring clip to contain ocular lenses. Immediately below the hinge the staff 
carries a longer rod, divided into six or eight joints, sliding backwards 
and forwards one upon another* At the farther end of this is a spring 
ring to carry concave or convex lenses — the whole corresponding to the 
arm /*, Fig, 8. Above the handle is a cross-bar, like that of the arm d^ 
Fig. 29| which carries a pasteboard screen on a short stem. This instru- 
ment gives very good images; but in consequence of the length of the 
handle and anns, its management and its application to the eye of tiie 
patient are sometimes difficult* 
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7. THE OPHTHALMOSCOPE OP ANAGWOSTAKIS, 

This instrument consists of a small, round, concave mirror, 5 centi- 
metres in diameter, having a focal length of 4J". Its silvered surface is 
protected by a blackened plate of copper. The centre of the mirror is 
perforated, the opening having a diameter of 4 millimetres. For con- 
venience in use, the mirror is attached to a short handle. The manner of 
using is the same as for other ophthalmoscopes. 

8. THE OPHTHALMOSCOPE OP TTLRICH 

is shown in Fig. 11 in perspective, in Fig. 12 in section. It consists of 
two tubes, blackened within, and united at an angle of about 40*'; one 
of them, a b, inclosing the mirror and lenses, the other admitting the 
light to the first. The length of the first tube, which Ulrich calU the 
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" ocular, or observer's tube/' is about 5", its diameter 1" 8'". Tlie second, 
or "light tube/' has a smaller diameter, and on its hinder raargin a 



Fig. IK 
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length of about 2", greater length bein^ 
forbidden by the necessity of keeping the 
source of light away from the patient's 
head. The end b of the tube is provided 
with an opening i" in width, adapted to 
the eye of the observer; the other end 
a is open in its whole diameter, and 
incloses the eye of the patient. Both 
are finished by proper margins. The 
free end of the second tube has a screen 
d that shuts off side light from the ob- 
serveFj and acts also as a cover for the 
tube itself. The source of light can either 
stand alone at a distance; or, as at / in 
the figure^ be attached to the iustni- 
naent itself by means of the collar and 
screw g and x, — the light being held in a 
ring turning on a horizontal axis. This ring is furnished with the screen 
h to cut off rays from the head of the patient. 

Fig. 12 shows the internal parts in section. They consist 
of a small concave mirror of T' 8"' diameter, 1|'" central perforation, 
Bud 3" focal length, and two convex lenses, m and i». The mirror is set 
obliquely across the tube, so that its incident 
and reflected rays correspond with the axes 
of the two tubes respectively. Its distance 
from the opening of the ocular tube is about 
4". Behind the mirror, separated from it by a 
perforated diaphragm, is the 4i" ocular lens w, 
fixed in the moveable sliding tube or eye- 
piece b b\ The 1^" object-glass m is placed 
in front of the mirror, and has, attached to 
its setting, a rod i/, fastened to a button and screw 
r, which passes through a slit in the side of the 
ocular tube, so that the object-glass can be moved 
to and fro, and fixed at any point. The ocular 
tube is also furnished with the draw- tube k ^, 
whicli serves to steady the apparatus upon 
the eye of the patient, and also to retain the eye in any desired 
position. 

To use tliis instrument it is held in the left hand for examination of 
the left eye, and vice versa ; while the free hand regulates the positions of 
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Fig. 19. 
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the object-lens and of the draw-tube. With clear vision at a distance of 
nine inclies no elongation by means of tlie draw-tube is required, but only 
movement of the object-lens to the extent of \" or \^\ In presbyopia 
the tube must be lengthened ^' or |"j and in myopia it may be necessary 
to move t!ie object- lens as much as 1", and to substitute a weaker 
ocular (a biconvex of 0") for tbe one ordinarily employed. 

For examination of the cornea^ iris, or lens, the ocular is remoyed by 
withdrawing the tube in which it is 
set; thus reducing the instrument to 
a simple magnifying glass. 

This ophthalmoscope can also be 
employed in dayli»;ht. 

Its advantages, for examination of ^ 

the inverted image only, are these; — 
that the whole of the necessary ap- 
paratus is united in a portable form ; 
and that the tube, by totally ex- 
cluding side light, facilitates the per- 
ception of aerial images. 

They are much outweighed by the 
disadvantages of having the source of 
light united to the instrument; of 
having the object-lens with its axis 
straight, so as to transmit reflected 
mirror images; and of having the 
mirror stationary. 

9, THE OPHTHALMOSCOPE OF 
STEIiIiWAG VON CARION 

is shown in Figs. 13 and 14 in natural 

fti«c* It consists of a concave mirror, 

having a focal distance of some inches, 

perforated through the middle, and 

attached by a joint at its edge to a 

handle. By this joint the mirror can be set in any required direction. 

Behind is a Rekoss's disk with its axis of rotation excentric to the mirror; 

BO that, by turning the disk, any one of its marginal holes containing 

lenses can be brought opposite to the mirror opening. 

Fig, 13 shows the instrument from the side, and Fig. 14 from 
behind. A is the concave mirror, with its central opening X, At G the 
mirror is united by a joint to the stem JS, which is secured by a screw to 
the handle {H) at F. To the stem E a second stem D is fastened at J, 
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aud carries at its upper cud the 
Rekoss'a disk B, which revolves oii 
the pivot C; so that any one of its 
eight lenses a a can be brought oppo- 
site the opening X of the mirror A, 
The leii3es are 2", 4", 8/' 10", and 12^ 
concave; and 2'', 6^ l^', convex. 

In order to reduce the size of the 
iastrunient as much as possible^ and 
to bring it within the compass of a 
small case, the distance between the 
stems D and E must be very smidl ; 
so that the mirror can only receive 
a trifling degree of inclination ; and 
the light must be so placed tliat the 
unglea of incidence and rellection are 
also small* 

10, THE OPHTHALMOSCOPE OF 
HASNEH 

is shown in Figs. 15, 16, and 17 in 
half sis&e. It consists of the following 
parts : — In n brass tube n is a second 
tube 6 sliding freely^ and capable of 
being fixed in any position by the 
screw c^ which projects through d, a 
slit in the outer tube. A perforated 
glass concave mirror of 7" focal 
length, set in a rnetal back, is suspended by the screws// at the free end of 
lite tube a, and can turn upon tliese screws as on an axis. It receives the 

Fig. 15. 

f 





light from a lamp through an opening in Hie side of the tube a, shown in 
I'ig, 10. At the free end of the tube b a two-inch convex lens q, »ct 
in a metal ring, is suspended by the screws A A in the same manner a» 
the mirror. Behind the mirror is a spring clip united to the tube a by 
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tlie joiut *, aud capable of being set at any desired obliquity. The 

Fig. le. Fl^'. 17. 

' 4- 
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distance of the lens ^ from the opening in the mirror is shown iti 
Paris inches by the graduated scale d, and may be increased to W\ 

In use, the observer holds the screws h h with the thumb and index 
finger of one hand, the remaining fingers of which rest upon the cheek or 
forehead of the patient, and maintain the end of the instrument at a 
distance of from i" to IJ'' from his eye. By means of the screws, tlie 
ueeessary obliquity is given to the lens g^ so as to displace laterally the 
reflected images of the mirror. The ocular tube is held by the screws 
// with the thumb and forefinger of the other hand, the side opening is 
turned towards a lamp suitably placed ; and, by me^ns of the screws, such 
a direction is given to the mirror that the rays falling upon it are reflected 
down the axis of the tube into the eye of the patient. When this is 
illuminated, the details of the fundus oculi may be brought into view 
by sliding the tubes. For ordinary cases, a single convex lens will be 
sufficient 5 but in high degrees of presbyopia it may be necessary to 
place a second, of 15" or SCX^ focal lengtli, into the spring clip. The 
same may also be done in order to obtain a more highly magnified image. 

Professor Byba makes the spring ring i much smaller, and connects 
it by a twice-jointed stem to the edge of the metal plate beliiud the 
mirror. By this arrangement the ocular lens can be accurately applied 
to the central perforation of the mirror, in any oblique direction of the 
latter, and in any directiou of the axis of the tube. 

Among the merits of this instrument ?Iasuer enumerates; — (1) Being 
composed of solid metal it occupies little room, and is very portable, 
(2) The inverted image of the retina is easily found, because the tubes 
slide freely, and because their considerable diameter renders it unnecessary 
to look exactly in the line of their axis. (3) Its connection with the patient 
by the banda of the observer keeps it steady in its place. (4) Tlie 
mobility of the mirror renders it easy to give any direction to the instru- 
ment without altering the position of the flame. (5) The reflected 
images of the object- lens are readily set aside by shifting it. (6) The 
retinal image contained within a blackened tube, from which all side light 
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18 exdudcd, appears much more clearly than when farmed ia ihe open 
air. (7} The clip behind the mirror facilitates the application and 
removal of ocular lenses. (8) By the graduation of the tnbe the distance 
of the observing eye from the convex lens can be read off ; and in known 
vision of the observer^ and with the lens at a constant distance from 
the patient^ the refraction of the latter can be determined^ approxima* 
tively at leasts by a comparison of different observations. 

11. THE OPHTHAI.MOSCOPE OF WILLIAMS. 

This instrument consists of two small concave mirrors having a focal 
length corresponding to the distance at which the observer sees amaU 
objects clearly. They are set in a spectacle frame in such a manner as 
to turn on vertical axes; and, this frame being worn by the observer, 
the light from a side lamp is directed into the eye observed. 

The advantage of ha\'iag both hands at liberty, claimed by Williama, is 
far overbalanced by the evils of difficult adjustment and uncertain fixation* 



Fig. 18. 



12, THE OPHTHALMOSCOPE OF DESMARBES* 

This ophthalmoscope^ shown in Fig. 18, consists of a concave mirror 

four centimetres in diameter, and 
of 7" focal length, with two parallel 
holes A A for the observer, accord- 
ing as he may examine the right 
or the left eye. An ocular lens 
J^l^ ^|^H3S&i| ' ^^^^H^ ^^ ^^ ^^ '^^^'^ ^^ ^ P^^ Z) to an 
"^"If^lP ^^Hln' ^^Kw op^iiii^g ^ in the handle of the 

vTV ^^V \J^^mJ "SMVVQT^ and can be applied to 

I ^HiiiiHiiiiiDimiiHJ^^IV^ either of the perforations. 

Another instrnment likewise 
used by DesmarreSj consists of 
two concave mirrors, united to- 
gether back to back. The two 
mirrors have difierent foci — one 
at 12, the other at 9 centimetres. 
Instead of a central opening there 
is in each mirror a small one near 
the margin. The whole instru- 
ment, together with a convex lens, is mounted in a tortoiseshell frame. 
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13. THE OPHTHALMOSCOPE OP HEYPELDER. 

This consists of a small concave mirror the size of an English 
florin, having a moveable handle of blackened wood. In the centre the 
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metal covering of tbe mirror has a circular perforation two lines in 
diameter^ the glass itself remaining entire. The concave and convex 
lenses may be inserted in a moveable black ring^ that may either be attached 
to a second wooden handle and used by the free hand, or, more con- 
veniently, may be fixed to a small cross-piece of brass on tbe mirror, and 
thus placed at a distance of from J'' to 2" either before or behind it. 
In this arrangement the whole apparatus is managed by one hand, and 
the other is left at liberty to steady the head of the patient, 

14. THE OPHTHALMOSCOPE OP SOIdSIL, 

according to the description furnished by Dr. Castorani, precisely 
resembles in appearance a botanical lens. It consists of a common 
I centrally-perforated concave mirror of 20 centimetres focal distance 
and S2 millimetres diameter, of a biconvex lens of 55 millimetres focal 
distance, and of a handle. When closed, it is 8 centimetres in lengthy 
4 in breadth, and 18 millimetres in thickness. 
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16. THE OPHTHALMOSCOPE OP CUSCO 

consists of a hollow upright stem of wood, A, Fig. 19, 10" in height, 
and furnislied with a screw B by which it Fig, 19. 

can be fastened to the edge of a table. In _ _? ^ 

this stem a wooden pillar C slides np and 
down and is retained in any desired position f B 

by a spring at its lower extremity. Its upper 
end is united by a simple joint to the brass 
ring G, which is lined with cloth, and 
carries the moveable wooden tube D. This 
again contains tbe sliding stem E, and 
carries the brass ring H with its jointed 
brass rod / terminated by a little knob. 
It carries also the concave mirror S sup- 
ported by a brass semicircle and turning 
in the tube D on its vertical axis. The 
stem E supports in the same manner the lens L, The focal length of 
the mirror is 8'V and that of the lens is Z'*. 



le. THE OPHTHALMOSCOPE OP JAOEB 

[is shown in half-size in Figs. 20 to 25. In order to unite in one apparatus 
the advantages of Helmholtz's, Ruete^s, and other ophthalmoscopes, Jager 
has constructed an apparently complicated instrument, the description of 
which belonga to this place, since it is chiefly used with a concave 
mirror. 




of the trunoions of the 
mirror e. Outside the tube 
are two springs / / corre- 
spondiag to these slits, and 
serving to secure the miiror 
in its position. 

Within the tube is a 
diaphragm g with a cen- 
tral perforation one centi- 
metre in diameter. At the 
hinder end of the tube is 
hj also with 
a diaphragm and a corre- 
sponding perforation. This 
ring can be easily removed 
and replaced, and serves to 
hold a lens securely between 
the two diaphragms. 

22 shows a concave 
mirror, of 7" or 4" focal 
lengtli, fixed in a metal ring 
with two trunnions e e, and 
protected on its silvered 
side by a thin metal plate. 
The latter has a central 
opening two decimal lines 
in diameter, and the mirror 
itself is drilled to corre- 
spond. 

Fig, 23 shows a metal 
ring, also with two trun- 
nions, and holding three 
or more plates of plane glass^ which are secured by a second ring screwed 
into the first. 

Fig. 21- is a metal tube, of which the broader part t is made to slide 
over the front part of the tube a, the slits in the sides of i corresponding 
to the springs //and receiving them. In the narrower part k this 
tube will contain either a single biconvex lens, or two plano-convex lenses^, 
or the objective of a Briicke*s magnifier. 

Fig. 25 exhibits a black paper disk of from G" to 12" in diameter^ slit 
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to the centre and fastened to a metal ring, by means of which it can be 
placed upon the ring c, the slit corresponding to the handle of the 
instrument. The lines are a Vienna inch apart; andj as well as the 
numbers, are coloured white. 

The iostrnment is commonly supplied with eight concaves, Nos. 2, 
3, 4j 5, 6j 8, 10, and 12; and with four convex lenses^ Noa. 2, 6, 8, and 
12, which fit into the hinder end of the tube a. 

By placing the ring with the plane glasses. Fig. 23, into the front 
of the instrument, we obtain Helmholtz-s ophthalmoscope; by substituting 
the concave mirror, and holding a strong convex lens, No. 2 or 3, before 
the eye of the patient, we obtaio Ruete^s ; and by placing the objective 
tube. Fig. 24, in its position, with the necessary convex or concave glaaa 
between the diaphragms, the instrument can be used as a magnifier. 

To use this ophthalmoscope, the obser^'er places himself close to and 
opposite the patient, in a darkened chamber, with their eyes at the same 
level, and with the patient's eye under the influence of atropine. A brightly 
burning lamp should be placed upon a table, from four to six inches 
from the side of the patient's head, and sufficiently far back to leave the 
eye in the shade* The mirror being fixed in its slits, and the tube 
rotated until the trunnions are directed upwards and downwards, parallel 
to the handle, the oblique section of the tube is turned towards the 
light, and the instrument is held upright, close to the eye of the observer, 
in such a direction that he, looking along the axis of the tube, through 
the perforation of the mirror, sees the eye of the patient. With the 
free hand, the trunnions are then so far turned that the patient's eye 
I becomes thoroughly illuminated by the reflection, and that the pupil coin- 
cides with the centre of the illumination. The disturbing reflections from 
the cornea may be displaced by giving slight obliquity to the instrument. 

By inserting No. 10 concave, we obtain an erect retinal image, 
I magnified about twenty-four times. By using the concave mirror of 
1'^ focus, and holding a convex lens of 2", 3", or 4" immediately before 
the patient's eye, we obtain a clear, inverted image, magnified from twice 
to four times. For examining the transparent media it is best to use 
only the plane glasses, or a convex mirror of 7" focal distance ; and by 
placing between the diaphragms a convex glass of 12"^ S', or 6"^ we 
obtain any desired degree of enlargement. 

To use this as Helmholtz's ophthalmoscope, the ring with plane 
(lasses, and the necessary concave lens, must be inserted, the lamp 
brought forwards, and the patient shaded by the interposition of a screen, 
the shadow of which should just cover his eye. To shield the observer 
from the light, and to steady the eye obser\*ed, the disk, Fig. 25, may be 
slipped over the ring c, and the patient directed to look fixedly at some 
row, or some individual figure or line upon its surface. 




nearest to the observeri has a piece cut out of its side at the free end, 
where hangs a small metallic concave mirror b, on trunnions, and spring 
clips c c, in such a manner that it turns readily on its vertical axis, and 
can be removed with facility. The other tube A, turned towards the 
patient, carries at its free end a convex lens d, of If" or 2" focal length, 
hung in the same way as the mirror. 

The tube A, containing the lens, is securely united by the ring 2> 
to the standard E, which supports the whole instrument, and is provided 
with a clamp by which it can be screwed to a table. Above the ring D 
a quadrilateral brass stem, 4" long, and 3'" broad, is made to slide 
horizontally backwards and forwards, and is fixed, when desired, by a 
screw. At its farther extremity it carries a padded metallic are // which 
receives the forehead of the patient, and holds the face fit the same 
constant distance from the object-glass* 
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The fixation of the head is completed by a chin-holder independent 
of the tubes ; but, like tbera, moving np and down upon the stem screwed 
to the table. The chio-holder terminates in a padded cup g, connected 
with the upright by two sliding bars h h, so that the cup can be fixed in 
any required position. 

In order to give a determinate direction to the eye of the patient, 
a jointed stem i is attached to the end of the tube, and carries at its 
extremity a knob k. By moving this knob, and directing the patient to 
look at it, any necessary direction of the eye may be obtained. 

A small semi-elliptical screen, fixed behind the mirror, shelters the 
observer ; and another, somewhat larger, the patient, from the light of 
the lamp. The larger screen is hinged to the ring which unites the tubes 
to the vertical stand, so as to move in accordance with different positions 
of the lamp. 

For more exact measurements, determinations of enlargement, and 
so forth, a scale of millimetres is marked upon the brow-holder, and also 
upon the inner tube, by which can be shown the distance of the patient's 
eye from the convex lens, and the distance of the lens from the mirror. 
The distance of the little knob from the eye, and from the axis of the 
tube, can be measured easily. 

By means of a camera lucida the image formed in the tube can be 
thrown upon the surface of the table. 

In use, the instrument should be screwed to the corner of a 
table, and the patient and observer seat themselves with this comer 
between them. The tube must be placed at the level of their eyes, 
and the lamp opposite to the gap C in the tube. The patient is 
secured as steadily as possible by the brow and chin-holders, with 
his eye distant from the lens about as ffur as its principal focus, 
namely If to 2'\ This done, and the lens so arranged as to displace 
reflected images, the patient is directed to follow with his eyes the 
movements of the little knob, which may be fixed wherever necessary. 
The observer then commences the examination ; for the conduct of which 
DO special rules are required. 

For microscopic examination Liebreich fixes the patient's head as for 
the ophthalmoscopic, withdraws the tubes from their containing ring, and 
replaces them by the body of a Schieck's microscope* The brow-holder 
(fixed to the ring) and the chin-holder determine the distance of the eye 
from the object-glass of the microscope, which can be moved forwards 
and backwartls in a horizontal direction. For the purpose of lateral 
illumination by oblique rays, a convex glass of 14" focal length is fixed to 
the ring by a jointed arm, and can he placed in any required 
position. 

This manner of examination is especially useful in determining the 
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seat of exudation or vessels in the cornea^ in difficult dia^oses of the 
deeper diseases of the iris^ in turbidity of the lens^ of the posterior 
capsule^ and even of the vitreous humour. 

The beet form of ophtha! mo* microscope with which I am aeqaainted 
that has been described by Profeasor Wecker^ of Paris. The body of a mii 
elides in a ring attached to a tripod with adjusting feet. Two of theae feet 
upon the forehead of the patient, and one upon his cheek, and they are paddad 
render their preasnre painless. To one side of the ring is hinged a jointed rod, 
hearing a collecting lens to illuminate the surface of the eye. By this arrangement^ 
the ring of the instrument being held by the surgeon, the whole moves with evei 
movement of the patient* and the focal adjustment is not disturbed. In coi 
qnence, however, of slight movements of the globe removing the part undi 
inspection from the field of view, Professor Wecker has found a power of 80^ 
diameters to be the highest available. For inspection of the surface of the oomea 
he finds a power of 40, and for the crystalline lens or its capsule a power of 60 
diameters to be the most generally usefuL The instrument is figured in WecJker's 
" J^tudes Ophthalmologiques/* vol. i. p. 272, and would be made from the drawing 
by any optician. 

For the purpose of very fine measurements Dr. Liebreieh has 
lately added to his instrument a micrometer, contrived in the following 
manner : — 

A circular plate of glass, fitted exactly to the inner tube, is graduated 
horizontally and vertically in millimetres; and, to facilitate reading, every 
fifth line is made somewhat broader and longer than the others* Thia 
plate is fixed to a short stem tltat passes through a slit in the tube, 
and can be moved backwards and forwards, or turned upon its vertical 
axis. This turning, which is necessary in order to displace reflected 
images, is still possible, when, by means of a screw on the stem, the 
plate is fixed at the required distance from the object. 

If measurements be required in some other direction than tH© 
vertical or horizontal, the whole tube of the instrument may be rotated 
on its horizontal axis in the ring that supports it. 

To accomplish photography of the fundus oculi, Liebreieh employs 
a metaEic concave mirror of short focus (also a Cocci us's or Zehender*s 
mirror), with a central perforation of about 5'" in diameter. The mirror 
is so fastened to the objective end of a camera obscura that it may be 
moved to and fro, and may turn on its vertical axis. The camera is then 
arranged as for photography, and the operator allows a side light, either 
direct or condensed by a lens, to fall upon the mirror in such a manner 
that it is reflected through tlie dilated pupil of the eye of the patient so as 
to illuminate the fundus. The returning rays, rendered convergent by 
the refracting media, pass through the hole in the mirror to the object- 
lens behind it, and form beyond this an inverted image of the fundus. 
This image is received upon the plate of ground-glass at the back of the 
camera; and when, by movement of the objective, the best possible 
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position is obtained^ the ground glasa is exchanged for a prepared plate 
in the ordinary way, and the image is fixed* 

This apparatus is especially useful for demonstrations of the inyerted 
image^ for exact measurements, and for drawings. 



18. THE OPHTHALMOSCOPE OP FOLLIN. 

A new instrument contrived by Follin^ for praising which the 
French can hardly find words enough, is, in essentials, nothing more than 
Liebrcicli's ophthalmoscope, with some small modifications that are shown 
in Fig. 27. 

The body of the apparatus consists of two brass tubes A sliding 
one over the other by the rack //. These tubes are blackened withia. 

Fig. 27. 



Jl 



J'C 



and contain diaphragms with large central openings. At the extremity b 
there is placed a biconvex lens, fixed in a brass setting, and moveable on 
its vertical axis by means of a milled head underneath. At the other 
end g there is a glass concave mirror, covered everywhere but at the centre, 
and likewise moveable on its vertical axis. The entire body A is made 
to turn upon the stand g g, and can be raised and lowered by the rack- 
movement h h. By the screw y the stand is secured to a table. 

n 
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From the lower part of the vertical stand there proceeds the hori- 
zontal arm / /, supporting the second upright n «, which carries a email 
socket, covered with leather, as a chin -holder. By means of the screw m 
on the horizontal bar^ the patient can be drawn towards, or removed from, 
the object-lens, and a similar arrangement on the upright n provides for 
raising and lowering the head» 

Behind the mirror is attached a ring to carry any necessary convexj 
or concave ocular lens; and on the side turned towards the flame there ia^ 
a small semicircular plate of metal to screen the observer from the light. 
The body of the apparatus is provided with a slender jointed stem, 
snrmonnted by the knob e to serve as an object to steady the eye of 
the patient. 

By means of a prism adapted to tlic back of the mirror, the image] 
that is formed can be reflected npon the surface of the table. 

The moat important difference betw»?^fi the ox>hthaJinoBCope8 of Licbreich and] 
Folhn is not mentioned in the text. In the former instnunent, the portion of tube 
that carriee the ohject-lens is fixed to the stand, and the portion that carries the 
mirror ia moveable. In Follin's ophthabnoscopc, this arrangement is reversed. In , 
the one case, therefore, the adjustment moves the mirror nearer to, or further from^l 
the stattonaiy lens ; and, in the other, the ailjnstment moves the lens backwards and] 
forwards between the mirror and the eye of the patient. Each coDatruction haa somdl 
adrantagfa, and it would not be diiEcult to combine them in a single instniment. 



10. THE OPHTHALMOSCOPE OF DEVAL 



Fig* 28. 



is depicted in half-size in Fi^, 28. It consists of' 
ft glass concave mirror A B 3o roillimctres ia 
diameter^ with a focal len^h of 25 centimetres, 
and a central perforation of 3 millimetres, C D 
is the handle of the mirror, to the back of which 
is attached the clip F turning on a pivot at G^ 
and serving to hold an ocular lens. The instru« 
mcnt is completed by the following : — 



20. THE OPHTHAIiMOSCOPE OP AKATOLE DE 
GRAKDMOKT, 

drawn in Fig, 29, and formed of a small concave plate of metal, shaped | 
to fit upon the root of the nose. Above this is a second plate, flat, ai 
made to bear tipon the forehead. From this central portion there projects 
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on either side an elliptical ring, intended to rest upon the margin of the 
orbit, and thus to secure the steadiness of the apparatus. From the 

Fig, 29. 



middle of the central plate there projects forwards a brass nozzle or 
proboscis, containing an endless screw, which supports the holder of a 
lens, of 2'*or2i" focal length, raoveable in alldirectioaa. By two elastic bands, 
united by a buckle, the machine can be secured to the head of a patient. 

It will be evident from the drawing and the description that this 
instrument has no claim to be called an ophthalmoscope, and that it is 
only a somewhat complicated lens-holder. 

In the preceding pagea Dr. Zander baa by no means exbauated tbe varieties of 
tbe bomocentric opbthalmoacope, altbougb tbe forma be btLS omitted are but sUgbtly 
different from tbose be has described. Some Englisb mecbanicians bave attacbed 
tbe single concave mirror to a spectacle^framet or to an elastic bead -band, so aa to 
leave the haJids at liberty; and otber» bave conBtmcted an instrument much like 
Cusco^s, but witb its standard and sliding bars made entirely of brass. This last 
form is of no practical value, neither having the steadiness necessary for a stationary 
apparatus, nor tbe Ugbtnefts desirable in a portable one. Besides tbese, and some 
others of no imfXJrtance, tbere are yet two varieties that require especial mention: — 

21. LIEBBEICH'S SMAIiIi OPHTHALMOSCOPE 

consists of a small concave metallic mirror, protected at tbe back by a bronze 
covering, and screwed to a simple handle 12 centimetres in length. The mirror has 
a central perforation 2 J millimetres in diameter, witb a sbarp edge; and tbe larger 
perforation of tbe bronze setting is sloped down to it. Tbe reflecting surface is 
3 centimetres in dianneter, and bas a focal lengtb of 8''. To tbe edge of tbe bronze 
setting ia attached a jointed limb carrying a small spring clip for bolding any 
ocular lens that it may be necessary to place behind the mirror. Tbe wbole is sold 
in a portable case, which contains also two object-lenses, 1^' and 2^' biconvex, and 
five ocular lenses, a 12" biconvex, and 6", 8", 1<>" and 12'^ biconcave* 

23. OAIiEKZOWSKI'S OPHTHALMOSCOPE, 

which was only introduced in 1862, presents the tubular arrangement in its most 
compact and convenient form. It bears a general resemblance to Hasner*8. but with 
the following differences: — The end of tbe tube that carries the object-lens is 
prolonged beyond it, and sloped to fit the orbital ridgo of the patient, so as abso- 
lutely to exclude side light, Tbe lens itaelf has a movement backwards and 
forwards, and can also be turned on its yertical axis. The tube tbat contains tbe 
mirror draws in and out by two or three slides like thoae of a telescope, so as to 
combine great range of movement with comparative lightness and portability. 

p 2 
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HI,— HETEBOCENTRIC OTETHALMOSCOPES. 

(a) Plane Mirrtir, in conihination with a Comdex Lens, 

The ophthalmoscope of Coccius ia constructed according to a third 
method of illuininating the fundus ocuH ; a method that requires the 
use of a small perforated plane mirror and a convex lens. The action of 
thia mirror depends upon Briicke's principle (page 13) ; and therefore, if 
the mirror-image of the flame exactly represented a light placed near the 
eye of the observer, the eye of the patient^ when accommodated for thia 
image, would, as objected by HelmhoUz, have its retina rendered only 
faintly luminous. It would be impossible^ under such an arrangement, to 
seethe characters (e, ^, of the yellow spot), when the eye was accoramodatetl 
for the luminous object. These characters, however, are perfectly well 
exhibited by the mirror of Coccius, on the following grounds :^ — It does 
not afford a mirror ima^^e of the flame that corresponds with an actual 
flame in the petition of the reflecting surface; but with a flame placed as 
much behind the mirror as the actual source of light is in front of it. 
The rays reflected from the retina, in accommodation of the eye for the 
mirror-image, would therefore first unite behind the mirror; and a portion 
of this cone of rays will pass through the central perforation, and be 
continued towards the observer, by whom the retinal image of the flame 
will be perceived when his eye is placed in the line of direction of the 
rays. But again, if the eye observed be accommodated for the perforation 
itself, it will appear dark to the observer, and the image of the perforation 
will fall in the line of direct vision. The rays coming from the mirror- 
image of the flame (the perforation being seemingly nearer to the eyo 
than this image) will be brought to union in front of the retina, and will, 
therefore, form upon it a dispersion circle, in which the image of the dark 
opening will falL The principle upon which we see the observed eye 
luminous when it is accommodated for the mirror-image of the flame, and 
dark when it is accommodated for the opening in the mirror, is the same^ 
that is illustrated by the experiment of Seheiner. 

In I'ig. 30, let B, the observed eye, be accommodated for the mirror- 
tmage of the flame a ; — so will there be formed at a a clear picture of a 
upon B's retina; while the rays coming from b, the opening of the mirror, 
which is within the point of Ws accommodntion, would be first united 
behind tlic retina at i', and therefore form upon tlie retina a dispersion 
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circle, in wliich tlic image of the flame a shines brightly. In Fig. 31, 
on the coutrtiry, the eye B is accommodated for the opening b, which 



Fig, 80. 



n 



Fig. 31. 



therefore forms its image at V \ while the rays of the image of the flame, 
already united in front of jB's retina, form upon it only the dispersion 
circle aV. 



23. THE OPHTHALMOSCOPE OF COOCITTS 

"is shown in Fig. 32 in half-size* It consists of a smaU square plane mirror «, 
14 Paris lines in diameter, and perforated in the centre. The opening is 
two Pans lines in diameter, and its front margin is Fig. 32. 

somewhat bevelled. The mirror is fixed in a thin plate 
of brass, having on its lower border a projection, 
which, by means of a screw c, is fastened to the stem b. 
This stem is 1 \ Paris lines in thickness, and, including 
the portion that holds the mirror, 21"' in length. At 
its lower end it carries the cross-piece rf, which can 
be secured by a screw to the upper extremity of the 
handle e. The cross*piece is 18 Paris lines long, with 
a slit extending half its length, by which, after 
loosening the screw connecting it to the handle, the 
convex lens it carries can be moved nearer to, or 
farther from, the mirror. This convex lens, of 5" focal 
length, rests in a spring clip/ upon the stand ^, so that 
the centre of the lens is opposite the opening of the 
mirror. All the metallic parts of the instrnment 
are coloured black by caustic potash, and when 
taken to pieces the whole can be carried in a smitll box. Recently, 
Coodus's ophthalmoscope has been made after the manner shown in Fig. 33. 
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This exhibits a thin, blackened plate of brass h, pierced with an opentng^ 
4'" in diameter, and by means of its grooved margin made to slide upoiil 
the edge of the mirror* The oater side is connected by the double hinge 
i to a spring clip k for the reception of a lens. By sliding this apparati 

over the mirrofj the illumination is diminished!^ 
while by placing a convex lens of 5'' focal length in 
the clip, a collecting lens is placed in union with the^ 
mirror itselfj and the arm d and the lens / are 
rendered nnnecessary. The ring A* can also be 
turned behind the mirror, and employed to hold 
an ocular lens. Coccius has still more lately 
employed with great advantage a smaller plane mirror, to which the 
collecting lens is united by a ball-and-socket joint. 

In use, the collecting lens is turned towards the flarae, which should 
be at least some inches further from it than twice its principal focal 
length, and on the same level as the eye to be examined. By loosening 
the screw, the mirror is set obliquely to the lens and to the eye of the 
patient ; and, when it is rightly directed, we see, by casting the enlarged 
image of the flame upon the patient's cheek, a luminous circle with a dark I 
central spot, corresponding to the hole in the mirror. The patient must 
now look fixedly at an object behind the observer, and on the side 
opposite to that of the eye under examination, and the dark spot must 
then be thrown upon the centre of the pupil, while the observer, with hia 
eye as close as possible behind the mirror, looks into tbe^eye of the 
patient. Dilatation of the pupil by atropine is not necessary. For 
examination of the inverted image^ a convex lens of 2^*' or less, often of 
2", is used, and is held, either between the thumb and forefinger 
of the free baud, in front of the eye examined, or upon a handle 6" long 
with a spring clip at the top ; while, in examination of the short-sighted^ 
concave glasses are used — such as Nos, 12, 8, 6, 4, 3, or 2. 

To explain completely the action of this and other plane mirrors, the 
following diagrams will be useful : — 

(A) Examination of the virtual erect Image. — In Fig. S4, 
let A again represent the eye of the observer, and B the eye observed j 
F the flame, L the lens, and S the mirror. From F, a cone a 6, of 
divergent rays, falls upon X, and is rendered convergent by its 
influence. The convergent rays then strike the mirror S, and by its 
influence, altliough unchanged in their relative positions to each other, 
are reflected from its surface in a new direction, and proceed towards^, 
as if they came from a flame situate behind the mirror at a' b\ But, as 
the eye of the patient, JB, meets the rays before their union, they fall upon 
B, without regard to accidental loss, in the line of section e/. It will 
ap[)car from the drawing that this combination of a plane mirror with a 
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snvex lens, acts like a concave mirror in the position a' 6', but with the 
advantage, that by using a lem of different focus, e. ff. of 4", the opeuing 
and focus of the apparatus Fig. 84. 

can be varied at pleasure. 

The rays of the cone of light *♦ I | 

falling upon B, or at least 
the rays included between g i 
and h k, penetrate it, and 
by its dioptric media are 
united in front of the retina, 
say at o, and proceed, over- 
crossed, to form a dispersiou 
circle. Let a |3 represent 
any two points in this 
circle — the rays proceeding 
from them, after leaving 
the eye, will follow the 
course of the lines a x, /3 x ; 
and, if the eye B be accom- 
modated for infinite distance, 
the whole of the emerging 
rays from each point will 
continue parallel to the axial 
rays ^ s s*\ The rays pro- 
ceeding from a, and passing 
through m n, the opening 
in the mirror, will be re- 
ceived by Af the eye of the 
observer, and united at the 
point a of its retina ; and 
those proceeding from /3 
will be united at j3'; so as 
to form together, upon A*9 
retina, an erect and magni* 
fied image a /3' of a ^. Indeed, tlie action upon A's retina will be as if 
the light came through the crossing-point of the lines of direction j:, 
and therefore from a surface a" /3" behind the eye B* 

(B) Examination op the actual inverted Image, — In Fig, 35 
the light proceeding from F and passing through the lens L' impinges 
upon the mirror S between the points c e/, and, reflected from this 
surface, would find its focus at o. But, by the interposition of the 
lena V\ it is brought to an earlier focus at pt from whence, over- 
crossed and again divergent, the rays proceed to illuminate the eye 
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Fig. 86* 



B on the surface ff k. Througli 
the portion of this correspond- 
ing to the pupillary area, rays 
i k page into the dioptric media 
of B ; and, thus rendered 
slightly convergent, fall upon 
the retinal area m n. Let a fi 
represent two points in this 
area, and it will follow that 
rays returning from a /3, and, 
after their exit from B falling 
upon the lens L'\ will be united 
in q, its principal focus, if the 
lines i r and Ar # be parallel, 
but nearer to the lens if these 
lines be convergent. The rays 
proceeding from a will unite in 
a\ and those from fi in j3', thus 
forming in a' ^ an actual in- 
verted image of a /3. This 
image being observed by the 
eye A, the rays proceeding from 
P' wiU be united upon its 
retina at j3'', and those from a 
at a', because these points arc 
in the prolongations of lines 
drawn through a X' and /3' X\ 

The simplicity of these prin- 
ciples, and the great range 
and variety of their applications, 
entitle the instrument of Coccius 
to the first place among ophthal- 
moscopes. 

Fig, 86 exhibits in half-size 
an oph thai mo-microscope con- 
trived by Coccius, It consists of 
a small microscope A, and of a 
plane mirror and lens S, aus* 
pended from the arms c c by the 
screw rf, and sliding on to the 
body of the microscope by the 
ring e. The mirror will turn 
on the screws to any necessary 
inclination. 
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24. THE OPHTHALMOSCOPE OP EPKENS AND BONDERS 

18 showB from above in section of half-sizc in Fig, 37j in a side view in 
half-size in Fig. 38, and its mirror alone in Pig, 3D. A plane mirror, 

Fig. 87. 



,^f 
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perforated in the centre, is placed in the cubical chamber E^ and 
turns by means of the milled head K The opening N, in the side 
of the chamber^ is turned towards the eye of the patient, and the 
obsa^ver looks through the opening O, which is furnished with the 
revolving disk of lenses, contrived by Bekoss for the instrument of 
Helmholtz. Donders places in this disk three positive lenses^ of the 
respective focal lengths of 20, 3, and 4 centimetres (about 8", IV'i 
and 1|"), and three negative, of 16, 10, and 6 centimetres (about 6|", 4", 

Ftga. 38 and 39. 



Ifiij 



j: 



^ 



and 2|"). Epkens has united to the cubical chamber the cylindrical 
tube B, at the further end of which, where the micrometer M is 
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attached^ the lamp ia placed. At this end of the tube, when 
necessary, a positive lens / can be inserted, the focus of which should 
be a short distance from the flame; so that a person looking into 
the mirror sees the whole lens illuminated, by which means a larger 
surface of the retina is lighted up. The whole apparatus is placed 
upon a stand A, which is secured by a screw to a table, and on 
which the tube can be raised and lowered at will. At it is a circular 
screen, covered with black stuffy and serving to exclude direct or 
superfluous light ; and, on the under part of the tubcj and from the 
bar Z, there is suspended a curtain of oiled silk L L, that separates 
the faces of the patient and the observer. 

In order to give greater mobility to the instrument, Bonders and 
Van Trigt made the tube B turn in the ring C C, and the cubical 
chamber E E turn upon an axis, shown by the screws b c. The lamp is 
separate from the instrument ; and, for the examination of eyes with 
widely dilated pupils, Bonders has lately added to the tube B a cup- 
shaped dilatation, with a collecting lens of larger aperture than /, in 
order to illuminate a larger portion of the fundus oculi. 

The disadvantages of this instrument are that, from the number 
and complexity of its parts, its consequent costliness, its somewhat 
alarming size and appearance, and its want of portability, it is little suited 
to the wants of the practical surgeon. It is eminently fit for physiological 
research, and, for this purpose, especially as it admits of measuring the 
parts it exhibits, it cannot be too highly extolled. 

For the purpose of taking measurements, the instrument is furnished 
with a micrometer 3/, attached to the outer end of the cylinder G, and 
scarcely requiring explanation. The points a a\ of the micrometer, placed 
between the flame and the eye observed, are, in proper accommodation, 
clearly seen (in sbadow) upon its retina. ^Fheir position may be changed 
by moving the tube G upon the tube J5. Upon the latter is a graduated 
scale, showing the distance of the points from the crossing-point of the 
liues of direction of the observed eye. The points a a\ can be separated 
or approximated by the micrometer screw F, which is furnished with a 
scale to show their distance apart. Further, the cylinder M revolves on 
the cylinder G, on its own axis *, so that the two points can be brought 
into any part of the field of vision. If ft be the distance of the points 
asunder, x their distance from the anterior nodal-point of the observed 
eye, 15 millimetres the distance of its posterior nodal-point from its 
retina, and y the distance between the retinal images of the points a a\ then 

V = - X 15 millimetres. 



By placing at the opening O a tracing apparatus, such as is used for 
a microscope, and marking the distance of the points across the vessels of 
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the retina, it is possible to determiae the exact size of these yessels^ and 

of other structures of the fundus oculi. 

In Fig, 40 is exhibited the micrometer of Schneller, which is applicable 
to ail ophthalmoscopes^ and is used to measure the inverted image* The 
lens L, which determines the distance of the inverted image from the 
retina (in change of accommodation from 5" to 12'', this image only moTCs 
4'") is fixed in a narrow grooved ring of brass. At opposite points in the 
circumference of this ring are attached two slender rods, B B, at right 
angles with the plane of the lens, and becoming thicker at a little distance 
from it. Their thicker portions are pierced by female screws, carrying 
the male screws S S, These screws are exactly parallel to that diameter 
of the lens which would unite the points of attachment of the arms B B. 
Their inner ends are finely pointed, their outer ends surmounted by milled 
heads, by which they may he turned. The length of the arms B B h 



Fig. 40. 
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about 1 J", and the first pair of screw- 
holes are 1^'' from the plane of the 
lens. To give necessary steadiness 
to the whole, the other ends of the 
arms B B are fixed to the ring R, 
which resembles the one carrying 
the lens. The screws are of steel, and 
the rest of the apparatus is of brass. 
The points of the screws serve to mea- 
sure the image (they might perhaps 
be replaced by a plate of polished 
glass, ruled with parallel lines), as 
their distance apart can be made, by turning them, to correspond perfectly 
with any of its parts, and can afterwards be determined by comparison 
with a finely divided scale. The accuracy of the measurement is enhanced 
when it is in the first place taken, and when the distance of the points 
apart is afterwards determined, by the aid of a magnifier. For greater 
accuracy, the apparatus may be fixed upon a firm stand ; and the size of 
the image heing measured, the actual size of the structures must be 
determined by computation. 



25. THE OPHTHALMOSCOPE OP SAMAK^N 

ia shown half-size in Fig. 41, A little cylinder a, that, as in Helmboltz's 
instruments^ carries a convex (collecting) lens, is joined to a hollow cube 
A, that turns on its horizontal axis, and has round openings in two of its 
opposite sides. Within, this cube contains a mirror, placed on a vertical 
axis d. This mirror consists of a plate of silvered glass, the foil being 
removed from a small elliptical portion in the centre. In front of one of 
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the openings of the cube is a little fraine Cj open 
above^ in which necessary lenses can be placed, aud 
from which they may be readily removed. 

Like Burow, Samann has found the revolving 
Bekoss^s disks, to carry lenses, very convenient to 
handle. But a combination of two concaves, 
on account of the stratum of air between tbem^ 
does not give a perfectly exact image; aud, if 
twelve concaves were inserted in a single disk, 
this would he too large, especially as it would be 
required to carry convex leases also. Burow has, 
therefore, fixed his lenses in a straight slide, which, 
when their use is required, can be moved up and 
down in the frame c. 

26. THE OrHTHALMOSCOPE OF MEYER- 
STEIH. 
Not satisfied with the working of his first 
ophthalmoscope, which will be described hereafter 
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(see Fig. 61), Meyerstein con- 
structed a second instru* 
ment, that is shown of natural 
size in Fig. 42, and of half. 
aise in Fig. 43. It consists 
of a cup A, which serves to 
screen the patient's eye from 
light, so that this ophthalmo- 
scope can be used in any room 
in the daytime. Immediately 
in front of the cup is a 
perforated plane mirror, in- 
closed in a rectangular box B, 
and fixed at an angle of 45^ 
with the axis of the instru- 
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ment. The side of the box opposite to tlie reflecting surface of 
the mirror contains a collecting lens />. On the opposite side of the 
box to the cup -4 is a second cup C, which receives the eye of the observer, 

and cnts off "false light," or the light of the lamp. 

For more exact examination of the retina, the cup C may be 
unscrewed, and its place supplied by the small telescope F, Fig, 43. In 
a normal or eraraetropic eye, parallel incident rays are brought to a focus 
upon the retina* If light be thrown into such an eye, the rays become 
parallel upon their exit from it; and the telescope must be adjusted as if 
for the inspection of an object in infinite distance, while for far or near 
sight the ocular must be mare or less pushed in or withdrawn. For 
exaiDiuation of the cornea, iris, or lens, the ocular tube must be drawn 
farther out, and the telescope used only as a magnifier. The way in 
which a light may be united with the instrument will be seen readily from 
the figures. 

In comparing the merits and disadvantages of this instrument, the 
same may be said as in the case of Ulrich^s ; only that Meyerstein's is 
more difficult to handle; that the great distance of the observers eye from 
the mirror considerably diminishes the field of vision ; and that its power 
of illumination is altogether insufficient. 

(ft) Convex Mirror in combinaiion with a Convex Lens, 

27. THE OPHTHALMOSCOPE OF ZEHENDER 
is shown in Fig, 44, in half-size. By referring to Fig. 34, it will be 

manifest that all the rays of light included between the lines c e and d /, 
could be made to pass through the space i k into the pupil of the eye B, 
if the mirror were so arranged, and held at such a distance, that a section 
of the cone of light, when it reached the eye, should not exceed t A in 
diameter. But then, on the one hand (from premature union and over- 
crossing of the rays), the dispersion circle on B*% retina would be too 
large, and the image, therefore, too dim; and on the other hand, the 
observer would be placed at too great a distance. If an endeavour be 
made to diminish the light cone c d e f to the size t A, by removing the 
collecting lens farther from the mirror, a sufficient quantity of light will 
not be obtained, and the lamp will also be required at a greater distance, 
Zebender met this difficulty by a means at onoe happy and sagacious. He 
used a stronger collecting lens, of 3'' focal length, distant from |" to 4" from 
the mirror, and capable of being placed at any desired inclination ; and he 
substituted a slightly convex metallic mirror for the plane mirror of 
glass. It followed that the strongly convergent rays falling upon the 
mirror were reflected from it slightly less convergent, that the whole of 
the light could be thrown through the narrow opening i k, and yet not 
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united until it approached the retina. He tlius collected the aame 
quantity of light into a narrower section ; and, on an equal haae, ma 
the light cone smaller, but neither shorter nor less luminous. 

The ophthalmoscope of Zehender must therefore be considered a 

modification of that of Coccius, to which it bears a great external 

resemblance. It is shown in Fig, 44; as a small convex rairror a, placed 

Fig. 44. on a short handle, and furnished 

with two lateral moveable arms 
c and d, one of which carries 
the collecting lens, and the 
other a spring clip for any 
ocular lens that may be needed. 
The handle is moveable, and 
can be screwed into the margin 
of the mirror at two opposite 
points, so as to turn the col* 
lecting lens to the right or the 
left at pleasure. The handle, 
acting as a lever, is apt to increase the very slight movements 
of the collecting lens that are often needed ; and hence Arlt has dispensed 
with the handle entirely, and, perhaps with some advantage, holds 
the instrument by the Joint c, on the arm that carries the collecting lens. 
By this the size of the case is conveniently diminished; and the instru- 
ment, with its six necessary lenses, is rendered extremely portable. 

The mirror consists of a circular, highly-polished plate of metal, 
having a curvature of 6' radius. It is pierced in the centre by an 
opening, funneUahaped from behind forwards, with a sharp edge, and 
with a diameter on the reflecting surface of IJ'". The focal length of the 
collecting lens may be from 1", or IV', to 2" or even 3^'. If a concave or 
convex ocular lens be required in the examination, it may be placed in the 
second arm, which is furnished with a spring clip and two joints, so that 
it may be turned behind the opening of the mirror, and so close to it as 
to be almost in the same plane. 

The optical principles on which this ophthalmoscope depends, are 
briefly as follows. Convergent rays of light, falling upon a couFex 
mirror, are reflected parallel to the axis of the mirror, if their degree of 
convergence be such that they would unite, if prolonged, at the extremity 
of its radius of curvature, in the so-called imaginary focus of the mirroi 
itself. But, if they would intersect, or unite in, the axis of the mirror^ 
between it and its imaginary focus, they are reflected convergent; if 
beyond its imaginary focus, divergent : and consequently their con- 
vergence or divergence increases, the farther their point of intersection of 
the axis of the mirror is distant from the fixed extremity of its radius of 
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curvature, lu Fig. 45, let F be tbe flarae, L the lens, S the mirror, 
having tbe axis P Q, and the imaginary focus F; A the eye of the 
observer, B the eye of Pig. 45. 

the patient. If now the 
collecting lens L be at 
Buch a distance from 
the mirror that tbe 
rays transmitted by it 
have a convergence that 
would unite them at C, 
in front of Py these raya 
wiU be reflected conver- 
gent from the mirror, 
and will strike the eye 
B within the limits c rf. 
They will then, by the 
dioptric apparatus of 
^, be brought to a focus 
in front of tbe retina, 
at 0, and will overcross 
and illuminate the fun- 
dus in a circle of dis- 
persion* From a single 

point, for example e, \ \ I \\ fV\ 

in the illuminated part \ \| \\ \\ 

a /3, a cone of rays geh 
will return towards 
the mirror, and a por- 
tion of this cone will 
pass through tbe open- 
ing m n, and enter the 
eye A ; by which the 
point € will be seen 
clearly defined and 
brilliantly illuminated, 
if the cone ^ e h he 
made to unite upon ^'s 
retina at F, either by 
the refracting power of 
A itself, or by the in- 
terposition of any lens 
that may be needed. 
The strong curvature 
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of the collecting lens is sufficient to produce considerable spherical 
aberration, so that the image of the flame reflected from the mirror will 
not he formed in a single plane, but in several, on which account^ in 
the iUuminated portion of the retina^ there will be a bright nucleus 
with a comparatively dim margin. 

It should be remarked further, that in Zehender^s instrument there is 
no loss of light from the canal of the perforation; and also that reflection 
from the cornea is reduced to a minimum. 

The advantages mentioned in the last paragraph are obtained equally from the 
ophi!ia!mo8€opea of Goccius and Liebreich, whicli are now nniverBally made with 
roetalHc mirrors, and with eharp margins to their central apertures. The mstm- 
menta of Coccius and Zehender, moreover, are frequently seen in more oanvenient 
forms than those deacribed in the text, and so mnch alike as to be only distingnisfa- 
able by inspection of the mirror, which is fixed in a bronze setting, with a small 
spring clip for ocnlar lenses, as in Liebrcieh's small ophthalmoecope. The setting 
ifi attached to a abort handle, and at the point of jnnction there is a double-jointed 
rod, about two inches in length, tnming either to the right or left, and carrying 
the collecting lens in a clip at its extremity. Besides the mirror and collectiiig lens, 
the cases commonly «old contain an objective and five ocnlars; the former 1|' 
hiconyex, the latter 12" biconvex, and 6", 8", 10," and 12" biconcave. 

(c) Silvered Glasi Lenses a^ Ophthalmoscopes. 

The chief purpose of silvered lenses is to unite together the reflector 
and the correcting lens, la describing the conditions under which this 
modification of the ophthalmoscope is available^ I follow chiefly the state- 
ments of Hastier. 

Every ordinary lens transmits only a portion of the light that it 
receives* A second portion is absorbed, a third is reflected, partly from 
the anterior, and partly from the posterior snrface. The reflection, how- 
ever, under ordinary circumstances^ is so small, that it is insuflicient for 
the illumioation of an eye. But if one surface of the lens be covered 
with silver, or with quicksilver amalgam, the reflection becomes, under 
certain condttions, so considerable, as to afford as much illumination as the 
ordinary plane, or even the concave mirror. 

The direction of the rays reflected from silvered lenses is very vari- 
able, and is determined not only by the radii of curvature of the covered 
and of the uncovered surfaces^ but also by the power of refraction of the 
glass of which the lens is formed. 

(a) Action of a Silvehed Biconvex Lens.— Let V W, in Fig. 40, 
represent a biconvex lens, having its surface V E W silvered. If a ray of 
light S A fall upon the anterior surface of the lens, near the axis 5? C, tho 
ray will be turned from its aeriaJ direction and refracted towards the perpen- 
dicular ^ £>, so as to assume the position A J5. If continued in the same course 
it would cut the axis at C, But, meeting t!ie silvered surface B E, it is 
so reflected that the angle of reflection K B L h equal to the angle of 
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incidence A B K, Returning to tlie anterior surface at L^ it passes out 
of the lens into tlie atmosphere, and is refracted from the perpendicular 
L D, 80 as to assume the direction L G, in which latter point it intersects 
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tlie axis. In tlus pointy therefore, the reflected rays will be brought to a 
focus^ and the lens will act as a concave mirror. It is plain that a silvered 
biconvex lens, in order to serve both for reflection and correction, must be 
used as an ocular ; and it follows that it will only be available for the 
inverted image, and not for the erect. Such a lens can only be employed 
with advantage when it has a focal length of at least fi", or still better 
of 8" or 10" ; to obtain which the radius of curvature of the silvered 
surface must be from 18" to 3(y'. 

(b) Action op a Silvered Biconcave Lens. — If a ray of light S A, 
Fig. 47j fall upon the concave surface N P of the biconcave lens N O P Q, 
it will be refracted towards the perpendicular K A, and diverted to B. At 
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A b 

B it meets the silvered surface Q, which acts as a spherical mirror with 
the radius B C And as the angle M B L must be equal to the angle 
A B M, the reflected ray will return with increased divergence to L, where, 
on passing from the lens into the atmosphere, it will be again refracted 
from the perpendicular, and will proceed towards G. The whole aetioUj 

_ therefore, is that of a spherical mirror. 

H These results are much modified by the use of a periscopic dispersing 

H lens of determinate radii. 

^B In Pig. 48, let iV O F 22 represent a lens in which K F, the radius of 
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the uncovered concave aurfacej is smaller than K E, the radius of the 

KE 
silvered convex surface^ but is yet greater than — -. If a ray, cumiug 



Fig. 48. 
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from S, fall upon the surface N Foi A^ it will proceed more divergent 
towards the surface E, By this surface it will be reflected and rendered 
convergent, so as to return to the point i. At this point it will re-enter 
the atmosplierc, and undergo a final refraction, cansiug it to a^ume the 
direction L G, at which last point it will intersect the axis. The lens acts, 
therefore, as a concave mirror. It is obvious that dispersing lenseSj 
according to the proportions of their surfaces, may act either as concave or 
as convex reflectors; but they will only serve for the illumination of the 
eye, and at the same time for the correction of the rays returning to the 
observer, when they are employed as ocular glasses for the examination of 
the erect image, and then only when the radius of the concave surface has 
tome value between ^ and the whole of the radius of the convex surface. 

For calculating the radii of silvered lenses of this kind, Burow haa 
given the following formnlic i — 






j4- and -T — »— 1 {^^J^J ' (Pastau's formula^ 
— + , =iV— 1 (n + iv)j is only correct when a = cv:.) 

In all of them, b represents the dioptric focus of the leus before it is 
silvered, and therefore of its unailvered central portion; a, the distance of 
the luminous point from the reflecting surface, i.e., of the lamp from the 
mirror ; a the distance in which rays from the luminous point are again 
united by tlie mirror ; R the radius of the anterior, R of the posterior 
Slivered surface; n the index of refraction of the glass. The values sought 
are in this case R and R, while the values of i, n, and Hj can be deter* 
mined at the pleasure of the observer. 
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Burow fouud experimentally tLat the best values for a, h and a, and 
the most advantageous iti practice, were :— a medium distance of the lamp 
from tlie mirror {a) of 12"; that the best illumination of the fundus was 
ailbrded when the focal len*»th of the concave mirror nearly coincided with 
it8 distance from the examined eye ; namely^ in observation of the inverted 
image, 6" : of the erect image, 2i"; and that the value of A should^ for the 
erect image, in most cases be from — 8" to — 4" ; and, for the inverted 
image, from 4^" to 5''. The calculation gives, therefore, for an ophthal- 
tnoscope for the inverted image (when b^%\'*, fl^l2", arrG"), 

R - 1^84, and R - - 10^28, 
and for an ophthalmoscope for the erect iiuage : — 

(1) in a focal length of -8". 

R- ^ 1*62, and if = 273; 

(2) in a focal length of -4", 
R — ^ I, md R 1^ 2. 

The annexed tables give the values of the radii for all possible hetero* 
centric ophthalmoscopes, both for the erect and the inverted image* 

The first table is computed for a lamp distant 12", the second for a 
lamp distant 18" from the mirror. The values of /?and R with a reflector 
of focal length ^ 6" are not required in practice, nor tlie positive mirrors 
in a focal length of 4" and 2i"; so that these are not computed. The 
figures express inches. 
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The focal length of -8" will give the most perfect images, id cases 
where the eyes of hoth observer and patient arc emmetropic j and only ia 
the higher degrees of myopia will it be required to place a concave lens 
between the mirror and the observed eye, or between the mirror and the 
observer; so that with the concaves 2, 4, 8^ and 20, the inBtrument will be 
sufficiently provided for all cases. 

28. THE OPHTHAliMOSCOPE OF JAOEB. 
As a simple ophthalmoscope, Jager recommends a lens, the silvered 
and the anterior surfaces of which possess different curvatures ; so that, 
according as the centres of curvature lie upon the same or on different 
sides of the lens, the reflected rays that pass through its unsilvered central 
portion are refracted at their exit by the necessary concave or convex 
surface. This mirror is either furnished with trunnions, to be placed in 
Jjiger^s instrument already described, or with a simple handle, so that it 
may be used as a lorgnette. 

2a. THE OPHTHALMOSCOPE OP KLAUNIQ. 

This consists of a double convex glass of 14" focal length, ha\ing a 
diameter of 35 millimetres, and a central blackeued perforation with a 
diameter of 4^ millimetres. On one side this glass is silvered as a mirror, 
and it is set in a blackened brass capsule. A handle, which screws into 
one side of this capsule, may by practice be easily dispensed with. 

As, in perforating the lens, the canal is often made too large, and the 
examination, therefore, rendered difficult, Klauuig has, recently, only per* 
forated the cover; and has replaced the opening by a concave lens of 12" 
focal length, placed behind the silvering, and united with the convex lens 
in a horn mounting. 

The same rules apply to the use of these mirrors as to the examination 
in general. To make the observation less fatiguing, and the images per- 
ceptible by an inexperienced observer, Klaunig uses a second mirror in the 
manner following* The mirror for the reception of the image is placed as 



Fig. 49. 
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near as possible to the eye of the patient, or about 
li" distant from 'it, and at the same height. The 
eye of the observer being now placed in the 
proper direction, about 9" or 10'' from this first 
mirror, a second concave perforated mirror of about 
6" focal length is held before the observer'a eye. 
Upon this second mirror the light of a lamp is 
allowed to fall from a distance of 8", and this light 
is reflected to the first mirror, and from that, in 
a concentrated cone, into the eye of the patient. 
^ In this way, the eye is thoroughly illuminated, 
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and the retinal imaoje, reflected from the first mirror, ia seen by looking 
through the perforation in the second. 

In Fig. 49 F is the flame^ 8" from the mirror S, S is a concave mirror, 
made by a biconvex lens, of 24" focal length, circular, 15'" iu diameter, 
and silvered upon one side. In the centre it has a blackened perforation 
2'" in diameter. The observer holds this mirror 9" or 10" distant from the 
mirror 8', and before his own eye, and gives it the necessary direction, 
that its light may fall convergent upon S\ 5^ is a concave mirror, made 
from a biconvex lens, circular, 15'" in diameter, of 14'' focal length, also 
silvered upon one side, inclosed iu a blackened brass capsule, and not 
perforated* It is placed perpendicularly upon a stand, and can be raised 
or lowered at pleasure. B is the position of the cornea of the examined 
eye^ and the distance between B and S is about 1 J". 

30. THE OPHTHALMOSCOPE OP BUROW. 

This consists of a simple lens, silvered upon one side, with the 
silvering removed in a central circle of IJ'" in diameter, and fixed in a 
setting of blackened brass. It is so gTOund that its focal distance for 
transmitted light is 5"; but that its silvered surface, acting as a concave 
mirror, will bring rays, received from a flame 10" distant, to a focus at 6". 

To examine the fundus ocuIj, a convex lens of from 14" to If focus 
is hekl before the patient's eyc^ and the mirror moved further or nearer, 
according to the state of refraction, until the inverted image is seen in the 
focus of the lens. 

Burow claims as the advantage of his instrument that it facilitates 
ophthalmoscopic study for beginners — that is, that unpractised persons, by 
its means, can learn to perceive the retinal image with great readiness. 



81, THE OPHTHALMOSCOPE OP HASNER. 
This form of instrument is extremely simple. It consists of a circular 
periscopic dispersing lens, an inch in diameter, the convex side of which is 
kiilvered. In the centre, a small portion of the silvering is removed for a 
' eight-hole, and the whole is put into a simple metal casing. For ordinary 
examination of the erect image, the surgeon should have four such glasses^ 
Nos. 4, 6, 8, and 12 ; but, for moi'e exact examination^ it is wise to have in 
reserve the almost superfluous and seldom-needed silvered concave ghisses. 
Six or eight such glasses, fitted into a case, form the most complete and 
the most compendious apparatus for the examination of the direct image* 

In use, these glasses are held by the margin between tlie thumb and 
index finger, and so turned obliquely towards the light, that a luraiuous 
disk is thrown upon the patient's eje. The eye of the observer is placed 
close behind the glass* 
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TIjc simple application and easy exchange of the glasses, the compact 
form of the wholcj the correction of reflections, the approximation of the 
ohserver's eye to the mirror, and of the mirror to the eye of the patient^ 
are all reasons why this form of ophthalmoscope merits high com- 
mendation. 

Furthermore, it is to be commended on the score of cheapness, as the 
operator may himself silver his lenses. For this, Hasner gives the 
following directions. A paste is to be made of fine plaster of Paris, and 
laid, S''' in thickness, 2" in diameter^ upon a piece of board. The side of 
the lens that is to be covered is pressed into this plaster, bnt not to such 
a depth as to reach the board. It remains until the mould is thoroughly 
hard and dry ; is then taken out, and the mould lined with a double layer 
of tinfoil, spread as smoothly as possible. Upon the foil are suffered to 
fall a few drops of quicksilver, which are thee allowed to come in con- 
tact, and to amalgamate, with the whole surface, upon which will formj 
in patches, a thin pellicle. This pellicle is to be removed by carefully 
rubbing the cleaned glass, that is to be ailvcred, over the surface until 
it reflects perfectly. The lens is then placed in the mould, pressed down 
firmly, and the pressure maintained by a weight. In two days the lens 
may be removed for use** 

(d) Prismatic Ophthalmoscopes. 
82. ULHIOH'S FBXSM3. 

Professor Ulrich, of Guttingen, has the merit of having been the 
first to apply the complete reflection efl^cted by prisms to the illumination 
of the background of the eye. He took two prisms of glass. Fig. 50, 
n b d and a c d, presenting in section the forms of right-aogled triangles. 
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Fitli equal containing aides, and so united them, that one containing side 
of the upper prism corresponded wit!i one of the lower ; and that the 
hypothennse of one intersected that of the other at right angles. 

It follows from the law of total reflection of light, that rays which 
come from a laterally- placed flame ^, in a direction perpendicular to b a, 
a containing snrface of the under prism bad, will proceed to its hypo- 
thcnusc b d, and will there be totally reflected, so as to pass out through 
the surface a d, and to reach the retina R K of the examined eye, which 
is thus illuminated* The rays returning from the retina will be perpen- 
dicular to the surface a rf of the upper prism, wilt reach its hypothenuse 
a c, and will there be totally reflected into the eye of the observer at B, 

To concentrate the light, the containing surfaces b «, a rf, and c d 
may be made convex ; or a convex lens m y may be placed in the line of 
sight of the observer if required. 

33. THE OPHTHALMOSCOPE OF PBOBELIUS. 

This instrument is a modification of the original ophthalmoscope of 
Hclmholtz, suggested by the need of a brighter illumination, and consists 
in this, that, instead of the four plates of glass, Probelius fastened in 
front of the instrument a rectangular glass prism with plane aides, 
and drilled through from the hypothenuse to one side; so that rays 
from the tiame, falling upon the hypothennse, may be reflected into the 
patient^s eye; and returning rays may be transmitted, without reflection, 
through the perforation of the prism and a concave lens, to the observer. 
For easy application of the concave lens, Frubelius employs a Rekoss's 
disk, with glasses of Nos. 6, 8, 10, and 12, 



34. THE OPHTHALMOSCOPE OF METERSTEIN 

is shown in Fig, 51, Tliis, the first instrument contrived by Meyer- 
stein^ is formed of a plane-sided right-angled glass prism, perforated 



Fig. 51. 
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from one side to the hypothenuse, and 

fixed in a setting. The rays of light falling 

upon tlie side of the prism a b, reach the hypo- 

tlienuse a c, and are from thence reflected 

into the patient's eye* The rays returnin 

from the eye pass in great part through ihc 

canal rf, in the prism, and thence, through the tube of the setting, to the 

eye of tlie observer, 

35* THE OPHTHALMOSCOPE OP COCCIXJS 

is shown in Fig. 52. It consists of a small rectangular unequal- 
sided glass prism^ a ; of which the hypothenuse is turned towards the 
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source of light. The rays are refTacted from the side next the observer, 
throiigti the other side, to the eye of the patient. The prism rests on 
a short handle, which is screwed into the brass basis of the prism, and 
supports also the setting h, with its concave lens c. The setting is open 
on the side next the prism, so that different lenses may be inserted and 
^* fis. placed close to the prism. At the lower angle of the 

setting is a simple hinge-joint rf, by which the con- 
cave lens can be placed obliquely to the observer's 
line of sight, so as to obviate reflection. 

The flame is placed near the head of the patient, 
and at the same level. The eye of the observer must 
be held close to the reflecting surface of the prism, 
and must be directed close to its angle. 

For the sake of stronger illumination, Zehcnder 
employed prisms of which the sides containing the 
right angle were ground to be either concave or 
convex as required. 

While, on account of their total reflection, the 
illumination by prisms is very good^ yet still their 
application in practice has more disadvantages 
than benefits. They are high in price, their manage- 
ment is difheult, and in repeated or very careful 
examinations, they become fatiguing, because, in 
order to inspect the whole surface of the retina, 
the position of the flame requires frequent altera- 
tion. Moreover, the observer loses the focus that is afforded by a 
concave mirror, or by a plane mirror united with a convex lens, 

(e,) Solar Opkikaimoscopes, 
Under the expressive heading *'a Sun Ophthalmoscope/* Mr. Streat- 
field lias published a communicatiou received by him from Dr. Macdouald, 
of New York, who states that he has been iu the habit of using solar, in 
lieu of artificial light, for the pui'pose of ophthalmoscopic investigatioo. 
The reflection from plane or concave mirrors bcitjg too dazzling, convex 
mirrors only are employed. Of these, Dr, Macdonald uses two, — one with 
a curve of 4" radius and the other of 8". They are about 1" in diameter, 
composed of glass ; and their silvering is removed from a central circle 
1''' in diameter* The patient is placed with his back towards the sun, 
and the examination is conducted in the usual manner* 
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lY.— BINOCULAE OPHTHALMOSCOPES. 



80, THE BINOCUIiAB OPHTHALMOSCOPE OP GIRAITD- 

TEULON, 

At a time when all optical instrumeiitSj spectacles, telescopes, micro- 
scopes, stereoscopes, and so forth, had been successfully constructed in 
accordance with the physiological principle of binocular vision, the 
ophthalmoscope was still left to stand alone* The law of its action, that 
the rays of light emerging from the eye return in the track of their 
incidence, seemed to present an insurmountable obstacle to the attainment 
of the conditions of binocular vision. Dr* Giraud-Teulon, however, in 
considering the position of the actual inverted aerial image formed 
between the ophthalmoscopic object-lens and the observer, was led to 
inquire why the rays diverging from this image should not be seen aa 
readily with both eyes as with one. He found the difficulty to depend 
upon the distance to which it would be necessary for the observer to retire* 
If the centres of the observer's eyes w*ere from 2'' to 2^'^ apart, the focal 
length of the objective S'', and the diameter of the pupil of the observed 
eye 3'", the observer's eyes would require to be 20'' from the image. If 
the pupillary diameter were only I'", the other elements of the calculation 
remaining the same, the distance would have to be increased to five feet. 
It is apparent that, even in the former case, from loss of light and 
diminution of the visual angle, no details of the fundus oculi would 
be discernible. 

Dr. Giraud-Teulon next provided himself with a coucave mirror of 
about 30 centimetres focus, and as large as that of the ordinary laryngo- 
scope* In its horizontal diameter he made an oblong slit, 7 centimetres 
in length and 6 millimetres in breadth, through which both eyes could 
look at once. By placing a lamp above and behind the patient, in a 
vertical plane with the eye to be examined, the pupil of which must be 
fully dilated, an observer may see the optic disk, say with the right eye, 
in the ordinary way. After a while he will see it also with the left eye, 
the two images partly overlapping one another. 

The two images thus obtained have a great tendency to separate and to 
vanish behind the pupillary margin. By great practice, and very extreme 
convergence of the ocular axes, it is sometimes possible to unite them, 
and to produce a stereoscopic effect. 
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Having thus theoretically solved the problem of binoeiilAr ophthal- 
moscopy, Dr. Giraiid-Teiiloii sought to render hia discovery available in 
practice, M, Nachet, jun.j had long before constructed a microscope in 
such a manner that the actual image formed by its objective was 
divided by a system of prisma, and presented at once to both eyes of a 
spectator. Acting upon this principle. Dr. Giraud-Teulon placed behind 
the opening of a mirror two rhombs of glass, with their edges meeting 
on the vertical diameter of the opening, and their surfaces ground to 
afford a complete double refraction at anglea of 45"". By this means the 
rays proceeding from the actual image of the fundus oculi were divided, 
and, like those of stereoscopic pictures, were easily so united by the aid of 
lenses or prisms as to afford an appearance of relief. 

In Fig* 53, let a A c be an object on the background of the examined 
eye, L the convex lens, R R' the perforated concave mirror, N N^ the two 
Fig- 53. rhombs of glass, / f the ocular lenses 

before the eyes of the observer, and 
ABC the actual image of the object; 
a (i y, and a ft' y' will then repre- 
sent the two inverted images formed 
by the rhombs, and these will blend 
together. The retina will exhibit its 
real thickness ; the vessels issuing from 
the papilla will appear as trunks, with 
twigs projecting forwards towards the 
i ( H 1 I retina! surface ; and the papilla itself will 

be displayed in its actual condition, either 
concave, plane, or convex. 

If the mirror and the observer's 
eyes are now brought nearer to the 
patient, and the instrument be fitted 
with prismatic decentred convex ocular 
glasses, as in the common stereo- 
scope, the image assumes great mag- 
The eye under inspection disappears from view ; and there 
only remains an aerial picture, relatively of immense size, " any descrip- 
tion of which would be inadequate, and would appear exaggerated/* 
From the extent of the image, and according to a well-known property of 
the convex glass required as an objective, the whole surface will present an 
appearance of anterior convexity. 

As already mentioned, the lamp for this examination is placed above 
and behind the patient; so that the rays pass over his head. The mirror 
is attached to a horizontal bar turning on pivots upon the horizontal box 
that contains the rhombs, and no lateral movements are required for the 
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necessary iUumi nation. The rhombs must be kept perfectly horizontal^ 
and the eyes of observer and patient must be upon the same level. The 
general arrangement is exiiibited in Fig. 5 k 

Fig. 64. 
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In this ophthalmoscopcj the distance of the actual image from the 
observer is less^ by half the distance between the eyes, than in a 
monocular instrument. The mirror may, therefore, have a shorter focal 
length than in the latter ; and the examiuation may be made from a nearer 
point* 

Myopic observers require simple ocular prisms of 7° or 8^. Hyper- 
metropic, or presbyopic, require convex lenses, decentred by about 
1 centimetre, vi?hich exert, moreover, a considerable magnifying power. 

For the examination of the erect image, the mirror must be brought 

close to the eye, and the convex oculars replaced by concaves, of from 

6" to 10" focal length. Both kinds are decentred, and are placed, the 

k concaves with their thin edges inwards, the convex with their thin edges 

(outwards. 

In Dr. Giraud-TeiiloTi*8 instniment, as made originiilly, there was no proviaion 

for altering tho diHtanc43 between the ocnlEur openings. The instrument was alto« 

I gether nsdeas unless its width accurately corresponded io the distance between the 

Icyes of the observer. A flight deviation from the proper width produced double 

iimagei ; and a larger deviation altogether excluded one eye from the visuid act, and 

laced the instniment to a monocular ophthalmoscope of inferior illaminating 

power. The eitact fit required was not castlj obtainod; and, especially in this 
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country » where there waa little power of selecting from a stock, was sometimes altogether 
uTiattaitiable, It followed that many obaervera failed to realize any stereoscopic 
eflecta; and that many doubts were cast upon the value of Dr. Giraud-Teulon*8 
beautiful and ingenious invention. 

Fig. 55. 
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These doubts were, however, in a ^reat degree set at rest hy the improvement 
shown in Fig. 55, which exhibits the general appetirance and the sectional arrange- 
mentfl of the instrument as at present made. The lefl-hand rhomb A is Irft entire; 
bat the right-hand rhomb is divided into two portions B and 0, the outtr of which 
is moveable, and is governed by the screw F. The distance between the points i J*. 
the apparent positions of the two images formed by the rays e e* is thns placed 
perfectly under the command of the spectator ; and any instrument may be adjusts 
to meet the wants of various observers.* 

37. MUBRAY AND HEATH^S ADJUSTING BINOCULAB 
OPHTHALMOSCOPE. 

At the same time that Dr. Giraud-Teulon was employed in contriving the 
improved or adjusting form of his own instrument, it was most happily suggested by 
Mr. J. Zachariah Laurence that the division of the rays might be effected by four 
small mirrors, the two central ones anunged as in the original ( W1ieatatone*B reflecting) 
stereoscope j and that the outside mirrors would admit of adjustment, not only of 



* I cannot omit to mention the error of a recent writer, who refen to the bmoeuUr opbthal- 
mofloope of Dr. Glraud-Teuloo &« *' the iDventioii of M. Njicbet," The error le leu exouBiible« 
■ifice the writer in que»tioa has done me the honour to copy freely from ad article of toy 
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distance, but also of inclination. An instrument of this kind was manufactured under 
the superintendence of Mr. Heisch, of the firm of Murray and Heath, Piccadilly, and 
8uc<!eeded admiraMj in practice. It was fonnJ, however, that the mirrorB, if made 
of meUJ, would be liable to tarnish, and difficult to clean ; and* if made of silvered 
glass, they produced confusion by reflecting from two surfaces. Eventually* it was 
necessary to substitute priams for the mirrors ; and by the joint labours of Mr, 
Laurence and Mr, Heisch the instrument has been brought to very great exoeOence* 
Its mode of action will be underetood from the annexed pjg^ gg, 

diagram, in which A and It represent the fixed central 
prisms, C and J> the mnveable laterul ones, which can 
be approximated and eeparat<?d, as well as set at any 
necessary inclinatioTi. The former movement governs 
the distance of the points at which the pencils emerge ; 
the latter, the angle of their divergence from the median 
Hue. 

The power to vary the inclination of the ocular 
prisms makes this ophthalmoscope independent of the 
decentred lenses required for Dr, Giraud-Teulon*8. Their 
places may therefore be filled by any spherical oculars 
that special circumstances may require. 

The instrument consists of a horizontal metallic 
plate 1 1 centimetres wide and 10 centimetres long, with 
a central perforation. Behind this plate the central 
prisma are fixed, and the lateral ones slide in moveable £ ^ 
settings, fiinushed with an index and graduated scale, ^f- 
by which their distance apart can be read off at a ^^ 
glance. Their inclination is regulated by a screw that 
acts upon both of them at once. The mirror 
turns upon a pin on the upper part of the plate, and the instrument is 
completed by a moveable wooden handle. The metalhc portions are constructed of 
aluminium bronze ; and the total weight is thus reduced to 2 ounces and 50 grains. 
The case, as fitted up by Messrs. Murray and Heath, contains also an object-lens 
and two pairs of oculars, and is made of a shape and size convenient for the 
pocket* 

I have found by careful experiments that the binocular ophthalmoscope may 
be constructed for lateral as well as for vertical illumination ; and that it may be 
fitted with the mirror and collecting -lens of Coocius's or Zehender*8 instrument. In 
this way it becomes much more convenient for the direct image. It may also be 
fixed to a stand, and rendered available for clinical demonstration* 

As regards the diflereuce between Dr. Giraud-Teulon's instrument and that of 
Meors. Murray and Heath, any comparison is greatly in favour of the latter. The 
power to alter the inclination of the refiecting surfaces is most valuable. It gives 
I^rfect rest to the ocular muscles of the observer, which have no longer to adapt 
themselves to pencils of a given divergence, but receive exactly what they require. 
It allown of the ready displacement of reflected imagee of the mirror, and thus 
greatly clears the field of vision. It also allows, by the removal of the ocular 
[ ri-iris, amplifying lenses of higher power than these prisms to occupy their 
l>i»<itinns, and thus afifbrds more enlargement of the image. The English instrn* 
ment is. moreover, much less heavy than the French one. which weighs four ounces ; 
and which is, therefore, less convenient both for the hand and the pocket. 



LTWii, puUisbed in the Lancet, in which full juiiticQ waa dooe to Dr. Giraud-Ttiutun^a meritu. 
The cUtma of thifl geDUeman to be the origiDator of biuooular ophthalmoscopy, aoJ the 
Invet^ior of the first laBtruineat used for the purpoao, are perfectly uuqueBtioDaUe ; und 
indeed, have never boou dixpuied. 
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V,— ORTHOSCOPES. 

Far the Examination of the Eye under Water, 

The discovery^ by Dc la HirCj of a method of examiniug the eye 
iduder water, did not receive in his own time, or immediately afterwards, 
the attention it deserved ; but, in modem days, Czermak and Coccms 
have rescued it from oblivion, and Lave exactly studied its advantages* 
They have used the following contrivances : — 



1. THE OETHOSCOPE OF CZERMAK. 

This instrument consists essentially of a little vessel with glass sides, 
applied in such a manner to the face of the patient that the eye forma 
Pig, 57. tlic posterior aide, and completes the vessel, which 

may tbcn be filled with water. 

As shown in Fig, 57, the under slde/c i, and the 
inner or nasal side g a b, are of metal ; the former 
f^,^^ I ^^M being provided with a ring A, for more convenient 
liandiing. Tbeir free edges are cut into such a shape 
that they will fit accurately against the face; and 
should be provided with a border of vulcanized tubing, so as to prevent 
leakage without painful pressure. The anterior and lateral sides, abed 
and c d ef, are formed of alips of polished plane glass. The eye being 
closed, the orthoscope should be filled with water at from 23° to 26° R, 
and the eye then opened. 

In an orthoscope contrived by Professor Arlt, the vessel is formed of 
gutta-percha, and has only one glass side, which is inclined, from forwards 
and inwards, backwards and outwards. The margins lie very accurately 
upon the face with gentle pressure, and prevent the escape of water. The 
observer easily avoids the reflection from the inclined ghiss plate, by 
giving the necessary direction to the incident rays of light. This instru- 
ment, the price of which does not exceed a Horiu, is extremely convenient 
for surgical purposes. 

The cornea, viewed from the side, appears as a transparent arched 
bladder; the iris appears as an almost plane curtain behind it. 



2. THE BASIN OP COCCItra 



This iui^trumcuL, shown iu Fig. 58^ consists of a little glass bowl, 
the opening of which is adapted to the soft parts covering the orbital 
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Fig. 58. 




ridgCj while the bottom is formed of a smooth polished plate. The cap 
is filled with lukewarm water, and is applied to the closed eye, whUe the 
patient beuds forwards. 

For the same purpose can be used the common 
eye-bath, the lower third being cut oflf and replaced 
by a cemented glass plate. Coccius found the best 
method of examination to be by artificial light from a 
perforated concave mirror. 

Still more simple, but more fatiguing, is Coccius's contrivance of 
putting into the eye a drop of water, and pressing a film of it between the 
cornea and a thin glass plate. 

The explanation by Be la Hire, of the visibility of the retinal vessels 
under water, is as follows : — If D B O, Fig, 59, represent rays proceeding 
from a point Z>, in the retina of an eye, when the 
same eye is immersed in water, the refractive power 
of the water and of the aqueous humour is so 
nearly identical, that the rays will undergo no 
change of direction on leaving the cornea, but will 
reach A, the surface of the water, in the direction 
D A, At their exit from this surface they will 
be rendered more divergent, as if they came from 
E; and therefore an observer will perceive, aa 
if at Ej an erect, virtual, and diminished image 
of the point i>. 

Notwithstanding that the examination of the 
eye under water is not equal in its results to those 
given by the ophthalmoscope, and is more fatiguing 
to the patient, it is yet not to be lightly esteemed as 
an aid to diagnosis. Not to mention that the use of the orthoscope, either 
by daylight or lamplight, is attended by fewer difficulties and requires 
far less practice, than the application of the different ophthalmoscopes; 
and also that in unskilful hands it is safer than these; it is especially 
valuable as a means of examination in cases of opacity of the cornea or 
irregularity of its surface. In opacity, the levelling of the surface by 
water permits a more complete inspection of the whole; but the advantage 
is more important when it is desired to examine the interior of the 
eyeball, and especially the membranes of the fundus, through a cornea 
the surface of which is entirely or in great part irregular, since the 
levelling of all inequalities of the surface permits the formation of a 
clear image of the retina. In posterior synechite^ also, an examination 
under water affords the most exact information ; because otherwise the 
corneal meniscus and the aqueous humour prevent the iris from appearing 
precisely iu its true anatomical position, shape, and size. 
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For the inspection of other conditions of the eye, the ophthalmoscope 
generally deserves the preference j but still it is well, in many cases, to 
comhioe both methods ; especially for a better survey of the diseases of 
very myopic eyes, in cases of moderately largje exurktions under the 
retina, separation of the retina from the choroid^ and other conditions. 



VI.— ArT-0PnTKAI.M0SCOPES, 



L THE AUT-OPHTHALMOSCOPE OF COCCIUS. 

The first complete instructions for self-examination with the ophthal- 
moscope were ^ven by Professor Coccius, whose statements are here 
followed. He used for this purpose his plane mirror, in the manner 
shown in Fig. GO. 

The left eye A here sees its own optic nerve in the image B, 
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Fig, 60. 



afforded by the almost perpendicular mirror 

C a shows the position of the lightj rays 

from which, following the direction of the 

dotted line, fall upon the optic disk, c is \ // I \\ 

the macula lutea of the left eye, which sees \ 

the image of its optic nerve at d. In ac- \ 

cordance with the principles which govern the \ 

action of plane mirrors, the image B presents \ 

an appearance as if the observer, with his C ' } \ rr ^^ "^ ^ 

left eye, were looking at the right eye of \ 

another person. The ray i, proceeding from 

the optic disk to the mirror, is reflected, near 

the margin of the central perforation, at 

an angle equal to that of its incidence, and 

returns to the macula lutea at c. If the line 

c w he prolonged to d, a point as much 

behind the mirror as c is in front of it, it will indicate the apparent 

position of the reflected image. 

In commencing the examination, the mirror is held perpendicularly 
before the eye, close to it, and in such a position that tlie optic axis ii 
directed to the inner edge of the central perforation. A wax-light should 
then be placed behind the mirror, in tlie continuation of the optic axis, 
so that the inner edge of the mirror, the flame and the optic axis, are all 
in one line; the mirror is then inclined at a small angle from the eye 
(from the temporal side), upon which an image of the flame becomes 
visible in the mirror, close to the actual flame itself, and deviates 
inwards from the latter (towards the nose) as the inclination of the mirror 
is increaaed. A shght movement, which allows the image of the flame to 
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deviate soraewhat upwards and inwards, will then bring the reflection of 
the optic disk and vessels into view. In order to follow the course of the 
central tronks^ which mostly proceed upwards and downwards, it is 
necessary to guide the image of the flame upon them^ — ^aftcr having first 
diraiuiahed the light by the interposition of a strong concave lensj or of a 
diaphragm with a small perforation. 

For complete and thorough self-examination, with the ophthalmoscope^ 
of the optic nervCj retina and choroid, it is necessary to dilate the pupil, 
to use a lamp for illumination, and to place a convex collecting lens 
behind the mirror. Coccius employs a steel plane mirror with a sharp- 
edged central perforation, and recommends, according as the observer 
can bear more or less dazzling (which cannot be entirely obviated), 
a collecting lens of from 2" to 3'' focal length. The dazzling will then not be 
greater than that which is experienced in being examined by another 
person, with an object lens of 2", for the inverted image* The best view 
of one's own fundus is obtained by holding, with the free hand, a convex 
lens of 2" or 3'' focal length at from 1" to 2" behind the mirror ; or a weaker 
lens, of from 4" to 6" focal length, close to the lamp* 

For self-examination of the refracting media, Coccius employs with 
greater success two mirrors, in the manner first proposed by Seydeler. 
After having dilated the pupil of the eye to be examined, a per- 
forated plane mirror is placed before the other, and so inclined, that 
its image of the flame is reflected, by the second, large, plane mirror 
upon the eye under examination, an iUuminated image of which will 
then be seen in the second mirror. If it be desired to inspect the media 
of the left eye, the perforated mirror is therefore placed before the right 
eye, and so directed that its image of the flame falls upon the second 
mirror at a proper angle to be reflected into the left eye* As soon as 
this is the case, the right eye, through the opening in its mirror, will see 
the illuminated image of the left eye in the second mirror. In order to 
test accurately the transparency of one^s own crystaUine lens, Coctiiua 
employs as his second mirror a concave of 4'' or 5" diameter, and 20" or 
S4" focal length. The lamp is best placed laterally in front of the eye to 
be examined, which must be screened from its direct light. 

As advantages of autoscopy, Coccius points out that the examination 
affords proof, by allowing the red vessels to be seen when either no part, 
or only a part, of the flame itself is visible, that the fibrous layer (of the 
retina) is insensitive to light, and that the bacillary layer is not a simple 
catoptric apparatus; since, if it were so, the experiment would not succeed. 
It allows, moreover, of simultaneous subjective and objective examination, 
since the light from the optic nerve and its vessels is partly distributed 
upon the contiguous portions of the retina ; and, being perceived by them, 
is, by our imagination, transferred to the blind spot. Further, it may be 
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observed that, near the borders of the optic disk, the light of the candle 
flame begins to be more white, in consequence of the deficient choroid 
no longer returning red rays. Lastly, it is of great interest to observe 
precisely the boundary between the bacillary bodies and the optic nerve. 
A small ring at the margin of the optic disk is well known to be sensitive, 
and it certainly is so, as far as the bacillary bodies extend. The auto- 
scopic examination teaches the observer that the subjective image of the 
caudle-flame is abruptly cut off where the clear objective image ceases. 
The knowledge of these circumstances, and an exact acquaintance with 
the optic disk of one*s own eye, the difference between veins and arteries^ 
the form of the nerve and its physiological boundaries, are all of great 
assistance in the recognition of disease, and afford a standard of the 
natural appearance of the disk in respect of colour, condition of surface, 
and other particulars. The discovery of the nerve in the eye of another 
person is also facilitated by the practical knowledge gained upon oneself, 
that its position is not central, but somewhat below the horizontal 
meridian of the eye. 

The aut-op!ithalnioiJGOp(3 of Ooccius is now sold in a very simple form. It oonsiflts 
of a brass tnbe5^ centimetres in length, and 3 centimetres in diametefi closed at one 
ond by a plate perpendicular to the aids of the tube, in which is set a plane mirror 
of liigUy-poliahed steel, 2 centimetres in diameter, with its reflecting surface turned 
outwardsi and with a central perforation 3 millimetres in diameter. The tube is 
blackened within^ and carries at its other extremity a 3" biconvex lens, covered by ti 
metal plate having a circular excentric perforation, with a diameter of 12 railliraetres, 
that extends from the centre of the lens to its circumference. With a very little 
practice and knacV, the optic disk can l>e readily brought into view ; but an examina^ 
tion of the whole fundus ocnli is difficult and tedious. The field of ▼ision Ib very 
limited indeed, and tlic eye haa to ho turned in all directions, and examined bit by 
bit, in order to see as large a portion of the retinal sarface as can be scanned at 
one glance in the eye of another person. Moreover, the principle of the apparatus 
renders it impoBsible to see the macula lutea. Many of these disadvantages have 
been obviated by the invention of the instrument next to be described. 



a, THE AUT-OPHTHALMOSCOPE OF HEYMANN 

aflbrds to one eye a verticaUy-in verted image of the itindus of the other. Its 
operation will bo readily nnderstood by the annexed fi^re, which displays the 
arrangement necessary in order to examine the left eye with the right. 

In front of the left eye, the flame of a lamp is placed at the point F, and 
between them a plane mirror, centrally perforated, with its reflecting surtacc tamed 
towards the eye. From the point F the rays pass through tlie opening of the 
mirror, and proceed, divergent, until they are intercepted by the lens D, whidl 
renders them convergent. Entering A*b pnpil, they meet, overcros8» and form a 
dittpersion circle on the retina. Returning, they would (A being accommodated for 
the flame F) bo bronght to their focus rr, and would there form an invert43d aerial 
image. By the inHuence of the lens jD, however, thlH image is formed earUer, in 
firont of the tnirror at ct'. From it rays diverge to the mirror, and are reflected by 
it, still divergent, in a direction as if they came from an image at h, Pasong 
through the less G, the rays ogam become convergent, and wotdd unite in an imiige 
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at &'. Thaj are, however, intercepted by the HyjKjtlieDuse of a right-angled prism 
of Hint-glass E; and are so refracted by it that their ima^e is formed at b'\ in 
front of the right eye B. By the interposition of a lena II this image is magnified ; 
that IB to aay, the rays diverging from it to the eye B are refracted as if they came 
from r, in which position, tlierefore, B sees an enlarged actual image of A*s retina. 
The manner in which this image is inverted will bo explained in the next section, 
in which tho different methods of ophthalmoacojiic examination are described. 

Fig. CI. 
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By the arrangement shown in the diagram, it ia manifest that only the inner 
or nasal side of A'& retina could be brought into view. To see the outer sidct it is 
ary to place a prism between A and i>, with its base outwards, and with such 
obliquity and refracting power as may bring rays from the parts desired to be 
seen into the line of direction between A and F, 

The various parts of Dr, Heymann*s vei'y ingenious apparatus are inclosed in 
a box, supported on a stand, and furnished with two ocular openings like those of a 
common stereoscope, and with the various screws and milled heads necessary for 
the purpose of adjusting the mirror, lenses, and prism. The side of the box that in 
undermost in examining the right eye must be turned uppermost in examining the 
left, by which means the necessary reversal of the whole instrument is ejected. It 
would be useless to describe here in detail the several mechanical arrangements, 
the purposes of which will at once become apparent whe-u the instrument is taken in 
the hand. 

For use, it is necessary, in the first place, to adjxai the distance between the 
ocular oi>ening8 to suit the spectator, and then to place a brightly-burning lamp 
behind the mirror. On lookiiig into the apparatus, if the illuminated fundus be 
not in view, it must be sought by yerj gentle movements of the mirror and prism ; 
and, as soon as a trace of it is perceived, it will be easy to guide it into the centre 
of the field of vision. This done, the lenses should next be so moved as to bring 
out the details of the picture. 



a. THE AUT^OPHTHALMOSCOPE OP GIBAtJD-TEULON, 

In this instrument, by a contrivance equally simple and ingenious, the whole 
of the fundus of either eye can be rendered an object of vision to the other, either in 
the inverted image or the erect. As shown in the diagram, Fig. 62, tke left eye la 
the one inspected. 

p2 



68 



ADT-OPHTHALMOSCOPES. 



The appamtua consists of two plane mirrors^ rn mt inclined to one another 
at a right angle, and placed in front of the observer* The ordinary object-lena L 
is placed between the lefl eye g and the mirror m 5 and the ordinary ophthalmo- 
scopic mirror G is placed in front of the right eye d in such a manner as to receive 
rays from a flatne at F, and to reflect them directly upon the mirror */^^ The 
practical effect is, that the rays leaving g^ instead of proceeding straight forward to 



Fig. 62. 
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im^observer in front, are twice bent at a right angle, and bronght back to cZ, without 
iOy change in their relative positions. 

In the diagram, the divergent rays F G are reflected towards a" at an angle 
of reflection n G a", equal to the angle of iocidence F G n. They are intercepted 
by the mirrors m and m\ twic« totally reflected by them, and bronght to the lena L. 
Rendered convergent, they pasB throngh the pupil of g, meet, overcroas, and form 
a dispersion circle on g'a retina. The emerging rays would be united by L into an 
actncil inverted image at (t, but intercepted and reflected by m they form their 
image at a'. The raya proceeding from this imago to m* are again reflected* and 
become visible to the eye J, through the central perforation of 6?, as if they came 
from a*' I at which pointy therefore, an inverted image of g^B retina will be seen. By 
removing the lens L, approrimating the eyes to the mirrors, and using, if necessary, 
a concave ocular, the erect image may be seen instead of tlie inverted. 



4- THE AUT-OPHTHALMOSCOPE OP ZEHENDER, 

which was eoiiirived in order to facilitate Belf-itispe<!tiun of thtj excentric i>ortions of 
the retina, i» essentially the tuimc as that *)f Dr. Gimiitl-Tfulun. 

It consistii of two plane mirrors, so arranged that they can be inclined towards 
one another at any neccssaiy angle, A lamp in i»Iaced at the side of the obee*vcr^ 
facing one of the mirrors. This first, or iUuminating mirror, reflects rays &om the 
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flame into the eye, and also reflects a portion of the returning rays towards the 
second mirror, by which they are again reflected in the visual axis of the observer. 
If the eye be emmetropic, and the emergent rays parallel, they will be united into an 
erect virtual image of the parts from which they come. If the emergent rays be 
conveigent, they may be rendered parallel or divergent by substituting for the second 
plane mirror a convex one, of which the radius of curvature should be double the 
negative focal length of the concave lens that would produce the desired correction. 
If the illumination be otherwise insufficient, a concave mirror may be used instead of 
the first one ; but, if this be done, the second mirror must in any case be convex. 
For parallel rays, its radius must be equal to, or somewhat less than, that of the first ; 
and, for convergent rays, its radius must be still further diminished, according to the 
degree of their convergence. 
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SECTION THE SECOND. 



THE EXAMINATION WITH THE OPHTHALMOSCOPE, 

SINCE special directions for the use of each variety of ophthalmo- 
scope have already been given in the first section^ in the description 
of the varieties themselves^ I may here confine myself to the enunciation 
of those practical rules and optical principles that are required for the 
application of alL 

With regard to the choice of an instrument, — a matter that may well 
be a source of embarrassment to many persons, — it may not be superfluous 
to call attention to the points that deserve consideration in selecting 
either this or that. Generally speaking, it may be said that all the 
instruments already described are available for the examination of the eye; 
and that it depends only upon the skill and management of the observer 
whether they give clear images of the retina or not. It must be observed, 
however, that the capabilities of the different instruments vary ; and that 
one, for example, may be commended on account of its superior 
illuminating power ) another, because it is easy of management, I will, 
therefore, consider the performances of the different ophthalmoscopes; 
first, as a question between stationary and moveable instruments; and, 
secondly, with regard to the quality of their illumination* 

(1) '^It is evident that, if it be desired to inspect carefully some 
single point of the fundus oculi, a fixed instrument will be found the moat 
desirable, but that it will be far leas adapted for a more extended survey. 
With the fixed instrument, the observer sees only from a distance ; that is 
to say, he has before him an image of the retina at his distance for clear 
vision, AVbile, by this, he is spared all exertion of his eye, it must not be 
forgotten that he loses that sharpness of perception which we obtain, as 
if from a magnifier, by the close examination of objects* With fixed 
instruments, moreover, a careful inspection of the periphery of the 
ocular fundus becomes very difficult; since, for this purpose, the patient 
must turn his eye in all directions, and will often be required to give it a 
degree of obliquity that he will be unable, with any steadiness, to 
maintain, 

*' The moveable mirrors are free from the above-named defects, and 
can be so managed as to display all parts, behind the equator of the eye, 
without any considerable changes in the direction of the organ. They 
require, however, if used for the examination of the erect imagej far more 
practice and dexterity than the fixed instruments ; since it is necessary for 
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the observer, in spite of his proximity to his object, to maintain accommo- 
dation of his eye for distant vision; and also to hold the mirror with 
great steadiness, partly in order to keep the image in his field of sight, and 
partly in order not to dazzle the patient by to-aod-fro movements of the 
reflecting surface, snch being among the greatest disadvantages of 
ophtbalmoacopic examination/' (Heymann.) 

For clinical demonstration, or for observation with little stndy or 
practice, or for purposes of exact drawing or measurement, the large 
instruments must be preferred, in wbich the diflFerent parts of the 
ophthalmoscope, and the eye examined, are all fixed as steadily as possible. 
Among these, the best are those of Liebreich, FoUin, Epkens and Donders, 
and the larger one of Ruete ; while for hand use, the small, cheap, and 
portable forms, and especially those of Coccius, Zehender, and Hasner, 
deserve the preference* 

In most cases, too, a simple concave mirror (the ophthalmoscope of 
Anagnostakis) will suffice, if the following proportions be observed : — Its 
focal length should not be less than 5" nor more than IQf^ its diameter 
about 5 centimetres, and the diameter of its central perforation not more 
than 3 to 4 millimetres. Glasa mirrors with a central perforation are 
preferable to those from which only the metal is removed, and metallic 
mirrors are better than either, as in these the canal of the perforation can 
he reduced to a minimum. When ocular lenses are required, they must 
turn easily upon their axes, so as to be applied closely to the back of the 
mirror* 

(2) With regard to the illuminating powers of diff'erent ophthalmo- 
scopes, the following observations are made by Zehender : — 

The faintest light is that which is reflected firom a plate of unsihered 
glass, when the angles of incidence and reflection are =: 70^. It is 
necessary^ however, to take into account the distance of the reflecting 
surface from the eye under inspection ; because there is, for every eye, one 
determinate distance at which it will receive more light than at any other, 
and within or beyond which the degree of its illumination diminishes. 
Simple concave mirrors direct upon the examined eye a cone of light, 
having the reflecting superficies for its base ; and of greater intensity, the 
shorter the focal distance of the mirror. Experience teaches, however, 
that only mirrors of considerable focal length are available for ophthalmo- 
scopic examination, and that, if their focus be nearer than 6", they are 
wholly useless. If a cone of light be thrown upon the eye, from a 
distance, by a concave mirror of considerable surface, only those rays will 
penetrate the organ that strike the cornea within the limits of a circle the 
size of the pupiL If the mirror be brought nearer to the eye, there will be 
found a position at which all the rays reflected from it enter the pupil ; 
but this will be at too great a distance to allow of examination of the 
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erect image of the retina. If tbe observer bring the mirror near enongh 
for this purpose^ by far the greatest part of the light will fall upon the iris, 
and the pupil will receive only those rays that are reflected from tbe 
immediate border of the central perforation, and that do not afford nn 
illumination stronger than that of a plane mirror. Simple concave 
reflectors, therefore, do not give sufficient light for close observation ; 
although their action is extraordinarily good in the examination of the 
inverted image* 

The light reflected from a plate of silvered glass is the incident light 
ID undiminished quantity. Coccius first used such a mirror, and obtained 
with it about the same illumination as with Helmholtz's instrument. He, 
however, increased its action by employing a convex lens, to cast an 
enlarged image of the flame upon the mirror. In respect of illumination, 
the improvement thus gained was as if the plane mirror were exchanged 
for a concave of a focal length equal to that of the lens, with the additional 
advantage that, by changing the lens, this focal length could be varied to 
meet the requirements of any particular case. For the purposes of 
examination, this arrangement possessed a still greater advantage over the 
concave mirror, since the eye of the observer is, with the former, brought 
actually within the cone of reflected light, instead of being placed behind 
its base, as with the latter. It is obvious that, with the plane mirror and 
lens, the virtual base of the light cone will be as much behind the mirror 
as the actual source of light is in front of it, after allowing for the virtual 
approximation of the flame to tbe mirror that is eflfected by the lens* 
But, in such a combination, the focal length, and the size of the image of 
the flame, increase and diminish in the same ratio, and in such a degree 
that, in concentrating the light upon a portion of the mirror not much 
larger than the pupillary diameter (in which case alone no light is wasted), 
the marginal rays undergo a considerable spherical aberration, which 
renders them almost useless for the purpose of illumination* In 
Zchender^s convex mirror, however, this spherical aberration of the 
marginal rays is much diminished, and interferes much less with their 
illuminating power ; since both axial and marginal rays, when reflected 
from a convex mirror, have a considerably greater focal distance than when 
reflected from one that is either plane or concave. It follows from the«e 
considerations that it is best to u&e a concave mirror for the inverted image ; 
and, for the erect image, the mirror of Zehender or Coccius. The merits 
of Hasner's silvered lenses have been already pointed out and explained. 
{Sec page 54,) 



Siaco ike aliovo wns pTiLli»he<i the quMitkiii c»f the choice of an ophthalmoacofpe 
I lie more complifuted. The K'gitiner must consider it (lat) a« betwoan 

i il farcjirti iiu*tnmjeut« ; {2nd) as l>ctwcen thr binocxUar and the monocular; 

(->rd) iui bt*twcH»n tlu* viiriptii-'« uf either class* 
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The obseirerB wEo require a fixed instnunent ninst always l>e a minority, and 
will he almost limited to inirgeons in consulting ophthabnic practice, to tho&e who 
have to instruct Btndents, and to those who have opportunities and leisiire to make 
careftil drawings of the appearances tlioy observe. For all these purposeB, the lartje 
ophthalmoscope of Liebreich answers admirably ; but I should think the modification 
of' it contrived by FolUn («eo page TiS) would be in many respects more convenient, 
Tlie mobility of the objcct-lena itself, aa well as the jiower to draw the patient gently 
towardn it, or to make him recede from it, without altering the field of vision, and 
without moving the eye of tlie observer, would often be hif,dily valnable. 

Such in»trument« should be obtained only from Eni^lish makers. The foreign 
one« that I have seen have been at once dear and bad. The tlireads of their screws 
are always defective ; the parts that should be steady quiver and shake* the imrta 
that should gHde easily stick fiist, the ports that should bo immovable slide do\vTi- 
wards, in tardy and reluctant obedience to the law of gravitation. By the time that 
all the faulty portions have been replaced in this country, the instrument will be far 
more costly tlian one originally of English coustraction, made to work ae smoothly 
and easily as a microscofx; from the first. I trust my readers will take wanung from 
experience. 

I have fotmd that the most conTenient method of Tudng a stationary ophthalmo* 
scope ia to attach it to a small table, constructed for tlie purpose. My own hws a 
surface about a foot square, and is supported by a strong centi*al column, heavily 
weighted at the base. In practice^ this arrangement possesses many advantages over 
the corner of a larger table. 

Th3 smaller foreign instruments are generally cheajjer than the English, often 
much cheaper ; and, if of simple conatmction, are fully equal to them. The hand- 
ophthalmoscopes of Liebreich, Coccius, and Zehender, are largely imported from 
Berlin, and may be obtained of excellent quality from any inatnmient-maker or 
optician. The binocular instrument of Dr. Giraud-Teulon is made chiefly by MM. 
Kachet & fils ; and, in consequence of the number they manufacture, certainly cheaper 
than elsewhere. Mesara. Murray & Heatlfs instrument has been made only by 
themselves. 

The diiferencc between tlie effects produced by binocular and monocnlar ophthal- 
moscopes is very considerable ; and, for a Ijeginner or an inexperienced observer, is 
very important. In order to estimate this diA'erence correctly, it must be remembered 
that the difficulties of ophthalmoBOopy are twofold. There is, first, the difficulty of 
seeing ; and then there is the difficull^ of interpreting what is seen. Of these, the 
first is much the same with aU instniments ; but the bincM^xdars reduce the second to 
a minimum. 

In using the monocular ophthalmoscope of Coccins or Liebreich ft>r the inverted 
image, in spite of abundant light and perfect definition, the details of the picture 
appear to be all in the same plane. The vessels of the retina can be distinguished 
from those of the choroid by colour and direction, but not by any appreciable 
difference in their jx>wtion* The depressions formed by choroidal atrophy or posterior 
staphyloma, and the elevations from sub-retinal hasmorrhage or efiusion, present 
colours which contntst with those of the general field, but scarcely any appearances 
by which, prior to reflection, tlieir sunken or roii^ed position can be positively 
determined. Even the cupped optic disk, the most marked of the snrface changes of 
the fundus oculi, betrays itself chiefly by the bending of the vessels at its margin, 
and, by inexperienced observers, is often mistaken for an elevation. It may fairly be 
said, I think, that the limited power of one eye, to furnish data for correctly 
estimating relief, is the chief source of difficulty in the interpretation of ophthalmo- 
BOOpic api^earances. 

With a good binocular ophthalmoscope, tliis difficulty vanishes. The difference 
between the appearances presented by the two methods is like the difference between 
tho appeamnce of a tree growing in a field and a tree painted in a picture. Not 
only is the depressed optic -nerve immediately recognized as an unmistakable cup or 
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cavity, "bnt even small effiiaionfi of bloody or lymph, or senmi* on the one hand, or 
patches of atrophy on the other, present a8]>ect« that are coacluflive with regard to 
their relations to the general level of the field. The vessels of the retina, too, are 
Been to stand out from, and to be distinctly on a plane anterior to, those of tlie 
choroid ; which again, in young light eyes, with good iBimiination, may be distincftly 
traced to different strata of the membrane. 

For those surgeona who have obtained a thorough mastery of the older forms of 
the instrument, and with whom the proceaa of eliminating optical illusions, or of tiBing 
the data by which relative poaition can be determined, has become almost instinctiver 
the binocular ophthalmoscope is only so far advantageouB, as the picture it 
presents is more beautiful. But for less sMlful observers, it is of high practicdl 
value* 

There are few ophthalmoscopic questions more important, or having a greater 
bearing upon diagnosis and prognoftis, than to determine whether a given mass of 
pigment be infiltrated among the retinal tisBuea, or deposited beneath the retina, in 
the choroi(L It ia of equal importance to be able to recognise, with certainty, the 
coraniencement of serous sub-retinal effusion. By binocular vision, all the-sc 
conditions can be determined at a glance ; by monocular^ if at all, only after pro* 
tracted and possibly hnrtftil examination. It follows, I think, that by observers who 
desire to leam the use of the ophthalmoscope quickly, and to avoid errors of interpre- 
tation after having had but small experience, the binocular instrument should be 
unhesitatingly preferred. 

For the erect image, the binocular ophthalmoscope pOBBessea little advantage 
over the older forms ; and, even when adapted for lateral illumination, it is not 80 
easy of use. For this purpose, therefore, it is not calculated to supersede the 
ophthalinoACOpe of Zehender^ but it is still quite available in the hands of an 
observer who will take the trouble to master the difficulties of manipulation. For 
the erect image, it will generally be needful slightly to approximate the prisma* The 
respective merits of the different binoculars have been sufficiently noticed in Hw 
former section. 

Before purchasing a binocular ophthalmoscope, it is prudent to make certain of 
the possession of binocular vision. This is not universali and tho&e in whom it is 
wantixig are often unconscious of their deficiency. The test is very simple. 
The eyes should be directed towards a candle-fiame, or other convenient small object, 
at a distance of eight or ten feet ; and a prism of 16° or 20*^. with its angle towards 
the nasal side, should be held before one eye. With binocular vision, the result wiU 
be either two images of the object, or an internal strabismus very manifest to a 
bystander. If neither of these consequences follow, a biuoculai' ophthalmoscope will 
be wholly useless. 

With regard to the choice of a monocular instmment, I find myself compelled 
to differ from Dr. Zander in two particolars : — first, with regard to the utility of the 
simple mirror ; and, secondly, with regard to the superiority of a concave mirror for 
tiie inverted image. 

My own earliest attempts at ophthalmoscopic investigation were made with tlie 
simple mirror, the so-called instrument of Anagnostakis* I have long since wholly 
discarded it, not l>ecau8e it will not suffice for many cases, but because it will not 
suffice for aO. I am convinced that difficult investigations vnR be most sncoeasftilly 
conducted with an instniment that is, firom daily usei perfectly familar to the observer ; 
and for this reaaon I confine myself to a mirror liiat carries a magnifying lens 
behind it. 

With regard to the concave mirror, I should, until very recently, have echoed 
Dr. Zander*s statement ; and should have agreed with the opinion of Mr. Hulke^ that 
Liebreich's amaU ophthalmoscope is the best and most convenient for the inverted 
image. Lately, however, the contrary t<?stimnny of very skilled observers boa 
mdnood me to investigate the question with some care, and to compare the per- 
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formance of different ophthalmoscopes upon eyes weO adapted for teating them. I 
have oome to the conclusioB that my former preference was the result of habit, and 
that the best ophthahnoBcope for the inverted image is, beyond all quesrtion, that of 
Cocciub. It iliuininates the fundtiB somewhat less brilliantly than Liebreich's, but 
more imifomily ; it is less interfered with by reflections of the mirror from the ooiTiea, 
and l>y images of the flame upon the retina of the eye examined ; it aflbrds better 
definition, and permits the nee of a higher magnifying power. Lastly, tliough 
inferior to Zehender^s for the erect image, it yet shows it very fairly, and in a manner 
far superior to Liebreich*8. 

Preparations for the Examination, — Among the various forms of 
ophthalmoscope already described^ only those of Ulrich, Meyerstein, and 
Galenzowski, and the large instrument of Liebreichj are adapted for use 
in the daytime, without any disturbing influence from daylight. For all 
others^ the first essential is a moderately darkened chamber. 

The second essential is a good light. It is possible to use the sun's 
rays, admitted through a small opening in a closed shutter ; but, on account 
of the great uncertainty of this lights of the dazzling that it produces, and 
of its inequality from the passage of clouds, it is not to be recommended, 
Praeticallyj the best light is that of an oil-lamp, burning with a clear and 
steady flame, covered only by a cbimney-glass, and so arranged as to be 
raised or lowered at pleasure, A naked candle-flame may be used for very 
susceptible patients, to reduce the dazzling to a minimnm. With regard 
to the position of the light, it should be the rule of a beginner to place it 
near the head of the patient, on the same side as the eye to be examined, 
and m far back as to leave the cornea in shadow. It is also important 
that the flame, the eye of the patient, and the eye of the observer, should 
be all at the same level. 

For binocular ophthalmosoopes, as already mentioned, it is necessary to have a 
vertical instead of a lateral illmnination. Partly from the ready mobility of the 
bnmur, and partly because the intensity and size of the flame can he reguhitLHi at 
will, I am disposed to thiak that ga^«i afiordii the best hght for all ophthalmoseopio 
purposes. The mo«t convenient bracket is one that may be seen at the Boyal London 
Ophthahnic Hospital^ Moorfields, and that posaesaes an universal movement, upwturdsi, 
downwards, and to either aide, while t^e chimney of its argand burner rem^s always 
peqjendicTilar. ^Fhe burner itself may be either of metal or poreelaiii, but should l)c 
closed underneath by fine wire ganze, to sulKlivide and regulate the draught, ^Hicre 
Khonld lie two taps, or, if only one, it ahoidd be remote from the flame, so a» to chock 
the pressure from the meter, and to prevent noise in combustion. Tlieae arrange- 
menta not only afford, above the blue part of the flame, a perfectly steady and motion- 
less cylinder df white light, but they give the power of regulating the height of this 
cylinder at pleasure, and of placing it exactly in any deatired position, for any kind of 
examination. The next best arrangement is an upright moveable burner, made to 
ttand upon a table, and conBectad with the gas pipe by an elaatic tube« The bracket 
with universal movement is, however^ of such great general utility, that it cannot be 
too strongly recommended ae an essential pari of the fittings of the consulting-room. 
It will be found invaluable for laryngoscopy, especially for tiie appheation of instru- 
ments to the lazynx ; and it wiH greatly facilitate many procedures about the mouth. 
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noafcrils, and cars. There are probably few practitioners who have not experienced 
the ditficTilty of getting any assistant to hold a light in the exact place where it is 
wanted. 



" Since/' as Ilasncr has very forcibly reaiarked^ " it is perfectly 
intelligible t!mt the laity should be alarmed by being brought into 
a darkened chamber, by the nse of artificial light in the daytime, and 
by the application of mysterious lenses and reflectors, it is proper, even 
if fear be not expressed, in every case to avoid making a mysteiy of the 
ophthalmoscope. More especially to timid patients, the nature and objects 
of the examination should be first carefully explained." 

The position of the lamp and of the patient being arranged, 
tlie latter must next be shown a point in the distance, behind the 
observer, at which he must look fixedly* As the anterior pole of the 
axis of the optic nerve corresponds to the outer third of the cornea, the 
fixing-point for vision must be to the left aide of the head of the observer 
when the left eye is examined, and vice*vei'3d. If the patient, as, for 
example, in total blindness, he unable to direct liis eye by the sense of 
vision, he may still often do so by muscular sense, if his own finger 
be placed in the position or direction towards which his eye should be 
turned. 

It is desirable to keep the patient as still as possible^ and at the same 
distance from the lamp ; and it is best when the eye can be widely opened 
without assistance. "When it is necessary to hold the lids asunder, the 
irritation often produces a considerable flow of tears, and makes the 
patient restless and unsteady. 

Special attention must be paid to the condition of the pupil of the 
eye examined. If this be much contracted, which, from the sudden influx 
of light, would usually be the case at the beginning of the examination, 
only a small cone of rays will be admitted, and only a small portion 
of the retinal surface will be illuminated. In such cases the pupil 
must be dilated, either by covering the other eye, or by directing 
the patient to accommodate for his far point; or, lastly, by the use of a 
mydriatic. 

Two grains of extract of belladonna, dissolved in a drachm of 
distilled water, will produce snfiicient dilatation j but the best mydriatic 
agent is the sulphate of atropia, for applying which Professor Donders 
recommends the following solutions : — 

1. Gr. iv. in 5 j aq. distilJat. (gr. j— ^ij) as a preparation for 
operations; to avert threatened aynechise, closed pupil, or prolapsus 
iridis; and to restore vision in cases of central cataract, or central opacity 
of the cornea* 

2. The first solution diluted with 15 parts of water (gr. j — Siv), 



THE OPHTHALMOSCOPE, 



77 



to produce complete dilatation and immobility of tlie pupilj so as to allow 
of examination of the interior of the eje in all directions* The dilatation 
is produced in from 30 to 45 minutes, and the sight is commonly 
disturbed only for about 24 hours, 

3, The first solution diluted with 80 parts of water (gr* j — Jxx) i in 
9,600, for common use. One or two drops of this solution, retained for a few 
seconds between the lids, will give, in from 30 to 60 minutes, a sufficient 
dilatation to examine the eye in moat cases. The dilatation will continue 
from 8 to 36 hours. By some practice it ia possible, however, in the 
great majority of cases, to see the details of the fundus oculi, and to 
form a diagnosis, through a moderately narrow pupiJ, without artificial 
dilatation. The attempt should generally be made, since there will 
always be opportunity to dilate the pupil afterwards, if the general 
inspection should display occasion for a more special one* In many cases, 
however, as in diseases of the choroid, glaucoma, and so forth, this will 
not be necessary, and the pupil will be wide enough. In many other 
cases the morbid phenomena consequent upon mydriasis, the dazzling, 
obscured vision, and disturbance of the accommodation, will be very 
troublesome, or even hurtful. 

The necesirity for a inydriatic may frequently be obviated, and the contraction 
of the pupil dimiiuBhedj by making the examination with bine lights which has the 
twlditional advantage of being more pleasant to the oljserver. Tlie merit of this 
suggestion is due, I believe, to Dr. F. Argilagas, of Cuba, who employed a mirror of 
blue glas^, silvered at the back, and with only the sdvering removed frcmi the sight* 
hole. Aft«r this, a blue chimney-glass came into very general use ; and a screen 
has lately been recommended by Mr, Ernest Hart and others. This may be of cobalt 
blue glass ; or, if it were desired to transmit blue rays only, it might be made of two 
plates of wliite glas8» cemented t^igether, and inclosing, as in Dr. Boehm^s tinted 
lenses, a film of a solution of ammonio-sulphate of coptper, or of pruseian blue. 
My own practice, formerly, wa^ to nse the blue chimney -glass ; but, latterly, I have 
preferred a blue object-lens, made by cementing a plane glass of the A tint between two 
plano-convex lenses of the requiretl power. With snch a lens, it is necessary, of course, 
to place it in front of the eye, before the reflection frt)m the mirror is allowed to fall 
ufjon the pupil. MM. Janssen and Follin have lately contrive*! an apparatus that 
can be fitted to any lamp, and that carries a screen of any desired tint. It is well 
adapted for the consulting -room, loit the blue lens has the advantage of ready 
portability. The same advantage attache** to the atropinised gelatine, recently in- 
tnxbiccd as a substitute for mydriatic solutionis. 



Conduct op the Examination, — All preparations being made, the 
observer takes the concave mirror in the hand that is on the side towards 
the lamp^ places its tipper edge against the superior margin of his orbit, 
and looks through the perforation at the eye to be examined ; he then 
causes the mirror to turn a little on its vertical axis, until the inverted 
image of the flame is cast upon the eye under examinaUoUj the pupil of 
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wiich will then return a more or less intense reddish or whitish glow. 
For a general inspection of the refracting media, it will be sufficient to 
look at the eye from different diatances, and to cause it to make slight 
movements^ upwards^ downwards, and to either side. If no diseased 
conditions be apparentj the observer proceeds to examine the inverted 
image of the fundus. For this purpose^ he takes a biconvex lens, of 
2" or 3" focal length, in the thumb and index of his free hand, rests his little 
finger upon the forehead of the patient, and brings the lens in front of the 
examined eye, so that the light from the mirror, passing through this lens^ 
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will be concentrated upon the pupil. The actual inverted image of the fundus 
will now be formed betwixt the lens and the observer, in the focus of the 
former ; and, to render it visible, the observer must usually move his head 
somewhat farther back. This movement requires considerable practice ; since 
itisespecially necessary, in executing it, to maintain the mirror in unchanged 
direction. Even for a sound eye, and far more for a diseased one, 
unexpected to-and-fro movements of the cone of light will soon become 
unbearable. The distance of the lens from the examined eye should be 
such ai to make the focus coincide exactly with the pupil. For this 
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purpose^ the pupil itself affords the beat standard. While the pupillary 
margin limits the visual field, the lens is too near the eye. As the distance 
between them is increased, the pupil enlarges, and finally, in the focus of 
the lens, its mar^n disappears. The distance of the mirror from the lens 
mu8t be the focal length of the latter, added to the distance for clear 
vision of the observer. 

The first object to be sought within the eye is the entrance of the 
optic nerve. Sometimes, before its white surface becomes visible, darker 
streaks may be seen traversing a bright red ground. These will be the 
T€8aels that proceed from the entrance itself, and by following one of 
them, in the direction of its increasing thickness, towards the inner and 
inferior part of the eye, by movements of the observer and mirror in the 
opposite direction, the white surface of the optic-disk will presently be 
perceived* 

At the beginning of the examination, as soon as the nerve surface is 
found, it is desirable, — since the eye of the observer has then a distinct 
object of sight, and the eye of the patient is accommodated for its far 
point, — to form, by the clearness of the central vessels, a judgment of 
the state of refraction of the eye, by which the selection of a concave 
lens for the erect image may be assisted. The fine arterial twigs, 
passing over the nerve surface, serve as test-objects for more accurate 
determination. 

After inspection of the nerve surface, attention should next be directed 
to the vessels, to observe whether they present a normal condition at their 
place of entrance, to note their course over the white disk, and their conduct 
at and after passing to the red background. After the vessels, should be 
observed the traDspareucy of the retina, its relations to the choroid and 
to the nerve entrance ; next, the pigment-layer of the choroid ; and then 
the observer should return to a more careful and accurate study of the 
entrance of the nerve* Lastly, follows the inspection of the refracting 
media, the vitreous body, the crystalline lens, the cornea, and then 
that of the iris, 

WTien the habit is once acquired of commencing at the nerve entrance, 
and studying the topography of the inner eye from behind forwards, so to 
speak, it will be easy to examine cases in which the crystalline is 
impaired, or the retina detached, or in which one side of the globe is 
obscured. 

Difficulties of thb Examination* — Every honest observer will 
have to acknowledge, at the commencement of his investigations, that be 
has only succeeded in seeing a luminous reddish disk, and will find that 
he requires continued practice in order to learn the use of the ophthalmo- 
scope ; and, what is even more important^ to understand the appearances 
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it reveals : — precisely as practice is needed in order to obtain skill in 
auscultation^ or in tactile exatniuation. Difficulties arising from this cause 
cannotj of course, be entirely obviated ; but still there are certain sources 
of trouble to the learner about which information may be giveUj aod 
which are briefly referred to in the following paragraphs. 

The first of these diflSculties depends upon the presence of the object- 
lens, and upon the reflection of its image of the mirror by the cornea of 
the examined eye, — a reflection that may prevent the possibility of 
accurate examination. In order to displace it, the eye under examination 
should be slightly moved, and the object-lens somewhat rotated upon 
either its vertical or its horizontal axis; it may also be necessary to alter 
the position of the flame. I 

The small, bright, round image of the mirror may, by an inexperienced 
observer, be mistaken for the optic disk itself. The presence of a dark 
spot in the image, coiTesponding to the central perforation, and the 
absence of vessels, are the indications by which this error may be 
avoided. 

It is not, at firat, easy to obtain the proper relative distances between 
the eyes of patient and surgeon, and between the mirror and the lens, that 
are necessary for clear images. On this subject, however, directions have 
already been given. 

Another difliculty may be that the examiner, in spite of brilliant 
illumination, obtains no clear definition; and this may arise from a mis- 
taken endeavour to use the greatest possible amount of light. Manjr 
objects are best shown by moderate illumination, and a very brilliant 
light may itself be a source of erroneous diagnosis. Experience shows 
this to be the case in opacities of the media, which are more clearly seen 
in front of a dimly -lighted fundus than against a strong iUumination j it 
is therefore prudent to use a moderate degree of light for studying the 
topography of the eye, and especially for the determination of the 
relative depths of oVjects ; and to advance to further illumination only 
when the localities are known, and for any object that may specially 
require it. 

A final difficulty, especially in the erect image, is the proper accom* 
modation of the eyes of the observer. The short-sighted, and persona 
generally who are unaccustomed to the use of optical instrumentSj , 
experience this difficulty — that they involuntarily accommodate the cyo 
for its near point, when the object of vision is close to them; on 
account of this, their eyes arc readily fatigued, and soon suffer from 
congestion and lachrymation. With the ophthalmoscope, as with all 
optical instruments admitting of adjustment, it is necessary to accommodato 
the eye for its far point, and to arrange the apparatus accordingly. 
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Heymann advises the use of concave glasses in oplitbalraoscopic ex- 
amination, as an exercise of accommodation ; since, in using a stronger 
concave than is necesaary for correction, although the image will appear 
smaller, the greater the difference between the refraction of the media 
and the compensation of the lens, yet this small image is exceedingly 
clear and sharp. Then, by degrees using weaker glasses, with continually 
nearer approach to the eye examinefl, and, at the same time, with continual 
endeavours to accommodate for greater distance, the image of the retina 
may be seen^ at last, without optical assistance. 

I proceed now to the consideration of certain physical conditions, in 
ortlcr to explain the means by which a clear image of tlie fundus oculi can 
be obtained* 

The human eye, in respect of its refraction, resembles a strong 
combination of positive lenses. If such a combination be placed between 
our own eye and any object, the object is rendered visible, under certain 
definite circumstances, as an erect, or as an inverted image ; and, under 
other circumstances, it becomes invisible. The visibility of the object is 
chiefly determined by its relation to the focal point of the combination 
of lenses, partly by the distance between the lenses and the eye, 
and also by the greater or smaller range of accommodation of tlie 
observer. If the object be either at the focus of the lens, or a little 
within it, the observer receives either parallel or slightly-divergent rays, 
and unites them into an image upon his retina; but, at the same time, 
as the object is seen under an increased visual angle, it appears erect and 
magnified. This statement, however, of the visibility of an object situated 
in the focus of the lens, only applies to observers who possess normal power 
of accommodation ; for, if the observer's eye be so constituted that it can 
only accommodate for near objects, the object in the focus will not be 
visible, and the object and the lens must be brought nearer together, in 
order to obtain an erect image. The object continues visible, however, 
whether the eye of the observer be close to the lens or distant from it ; 
only the greater the distance, the smaller will be the field of vision, from 
the loss of the marginal rays of light. 

If an object be placed beyond the focal point of the lenses, then tlie 
divergent rays proceeding from the object are so refracted in their passage 
that they become convergent, and unite to form an inverted image oo the 
other side. This image is larger, the farther it is from the lotises, and the 
nearer the object is to the focus. It is only clearly visible when 
intercepted at the common focus of all the pencils of light entering into 
its formation ; but, if this common focus be very far distant, the image, on 
account of imperfect definition and illumination, again becomes imper- 
ceptible, and cannot be seen either upright or inverted. 

When wc come to apply these laws to the system of refraction of the 
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eye, and to the retina as an object of vision^ the next question is, — wtere 
is the retina? Does it lie within^ in, or beyond the focal point of its owu 
refracting media ? The reply is, that it may be found to occupy any of 
these positions ; but we can seldom ascertain which, prior to examination, 
particularly in cases of blindness. If vision remain, the point cau be 
certainly determined by the distance, farther or nearer, at which objects 
can be clearly seen. If, witliout the help of a lens, the patient cannot 
clearly see either near or distant objects, the retina lies within the focus, 
since no rays are tmited into clear images {hypei*nietropia) . If there be 
good vision at long distance, then the retina is in the focus, since parallel 
rays are united upon it (emmetropia) , Aud if it be necessary to bring 
objects very near the eye, then the retina lies beyond the focus, aud 
receives images only from divergent rays {mf/opia). 

When we know the relation of the retina to the focal point of the 
eye, and see it with good illumination, it is easy to deduce whether in 
any particular case it will be visible in erect or inverted image or not; 
aud it can be deduced further, as w^e shall proceed to show, in what 
manner a clear image cau be obtaineth 



I. THE EXAMmATION OF TKE VIRTUAL, EKECT IMAGE. 

If we assume that an eye to he examined is thoroughly illuminated, 
its pupil widely dilated, and that its fundus is observed by a person of 
normal or far-sighted \d8ion, the retina may be clearly seen in the 
absence of a lens, without accommodation for the far point; but if the 
eye to be examined is accommodated for its near point, or if it be 
unable, as in myopia, to accommodate for a distance, its retina will be 
invisible in the erect image, because situate behind the focus of its 
refracting apparatus. In such a case, the patient, if normal-sighted 
(emmetropic), must accommodate for distance, but, if short-sighted, and 
unable so to accommodate, the focal length of his refracting media must 
be increased artificially, so that the retina may come to lie in, or in front 
of, the focus. This object is attained by the interposition of a negative 
lens. In general, the glass selected must be one or more degrees stronger 
than that habitually used by the myope ; so as to place his eye in a state 
equivalent to one accommodated for infinite distance ; aud for this purpose 
the dispersing lenses of 2", 4", 6", and 8" negative focal length are chiefly 
used. 

If the eye examined be blind, there is no means of ascertaining 
beforehand which place the retina occupies in relation to the focal point, 
and therefore what glass will be required to render it visible. The 
question can only be determined by experiment. 

If the observer be himself short-sighted, he must make his eye 
equivalent to one that is emmetropic, by the use of a negative lens of 
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shorter focal length than that which he uses habitaallj% In exammution 
of an emmetropic eye, he will therefore require a weak negative lens; 
andj in examination of a myopic eye^ a stronger one than would be 
required by an emmetropic observer- 

Rjba gives the following rule, by which in every individual case to 
find the strength of the concave lens necessaiy to give a clear image of 
the retina : — 

" Measure the distance of clear vision both of the observed and the 
observing eye, and the distance of each eye from the intervening concave 
IcDs ; snbtract the distance of each eye from the lens, from its distance 
of clear vision; multiply the remainders together, and divide their 
product by their sum," 

The Table given on the next page, in which A represents the visual 
distance of the observing, B of the observed eye, and p the focal length 
of the proper concave lens, is calculated on the assumption that the lens 
should always be i" distant from the eye of the observer, and 3J" from 
the eye of the patient. 

The concave lenses given in the Table are adapted to render tlie 
retina and choroid clearly visible, while, for parts anterior to the retina, 
weaker glasses would, ctBieris paribus, be required. 

In practice, it is often desired to render such parts visible ; so that 
the value of p given in the Table must be regarded as the shortest focal 
length applicable to each of the cases specified, 

Tlie Tal>le Wiis piibliHhed by Dr. Zaiuler witli the coltunns p computed in vnlgsir 
fructionH^ of two uud even thr».*c fipiron in 1x>th tniinerator and dcnominakir. I have 
converted all Uieso fractiuns into deoimak^ Cidcitliitod to two places i>nly, but with tXm 
second place increafted by uno, whenwov the third wonltl have exceeded 5. 

Since^ however, the numerous fractional gradations of concave lensesj 
expressed in the Table, cannot be procured in practice, it is necessary in 
every case to select the actual lens that approaches most nearly to the ideal 
one required, and, by preference, that which deviates from it in the direction 
of being weaker. Since such an actual lens will not give perfect vision 
at the precise distance for which the ideal one is computed, the observer 
must compensate for the incorrectness of the lens by corresponding 
changes in his own position. If the lens be somewhat too strong, the 
observer must bring his eye nearer to, and if the lens be too weak he must 
withdraw it farther from, the eye of the patient. 

In cases where the two eyes, examiner and examinee, are of diflFerent 
powers, the action of one and the same concave lens varies with its position 
between them* If the lens be placed, as usual, near the eye of the 
examiner, it must be stronger when this is farther-sighted than the eye 
examined, and weaker when the examining eye is more short-sighted than 
that of the examinee. If the lens be nearer to the eye of the examinee, it 
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must he stronger when the examining eye is the most short-sighted, and 
weaker when it is the most far-sighted of the two. If, for example, the 
observing eye, A, has clear vision at 20", and the observed eye, B, clear 
vision at 6", and the lens p be distant V' f^ova A, and 3i" from 5, then, 
according to the Table, the focal length of the lens p -=. 2"'21 ; bnt, if the 
lens be placed at a distance of i" from ^j and 3^' from A, then its focal 
length must be = 4''' 125. Upon this principle, the observer may use 
his own visual power as the measure of the far or near-sightedness of 
any eye that he examines. 

In cases where the observer has determined the concave lens neces- 
sary for hi a own inspection of an eye, and desires, as in clinical instruc- 
tion, that the same eye should be examined by others, Ryba gives the 
following rule — 

When the first observer has accurately determined the focal length 
of the lens necessary for himself, let liira multiply this length by his 
visaal distance, and divide the product of the two amounts by their 
difference; then let each subsequent observer multiply the quotient thus 
obtained by his own visual distance, and divide the product of these two 
quantities by their sum. The result will give the focal length of the 
necessary lens. 

AVith regard to the enlargement aflPorded by the direct method, let 6, 
Fig, 64| represent a luminous object, the image of which will be formed 
upon the observed eye at a. The retm*ning rays form an image of the 
retinal iraage^ congruent with the object itself at b. If we take /3 as the 
size of the luminous object, and of its image at 6, and S of that seen by 

in which a indicates the distance B 6, 



the observer at d, then : v=-. 



and 7 the distance d B, A measure for the apparent size of the image 

Fig. 61. 



S 



seen is afforded by its biec, divided by its distance from the eye of the 
observer. If this latter were placed close behind the concave glass, the 



lapparent size of the image would be ^— l, 

7 o 

A B, then the apparent size of the object i, for the eye A, will be 



If we take q as the distance 



a-^q 



and therefore somewhat less than that of the image S for the observer. 
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If the visual distance of the eye A be very much greater than q, we may 
neglect q in comparitson with a, and may find for the observed eye the 

apparent size of the luminous object to be equal to ti. Under this 

a 

arrangement^ therefore^ the retinal images of the observed eye appear to the 
observer under an equal or somewhat greater visual angle than that 
which the corresponding objects present to the observed eye itself: hence 
it is easy to compute the enlargement of the retinal elements of the 
latter. If X be the size of the image of |3, formed at a, and y the dis- 
tance of the retina from the posterior nodal-point of the eye, it follows 

that -TJ — — ^ and -^ = Rnth mnkmli**f1 crivft ^— — 



Bothj multiplied, give V = 



In Listing's ideal eye, p is equal to 1 5*0072 millimetres, and y, the visual 
distance, to 8", 



This would make the enlargement -t?=:: 14*34 . 

A a 



and, since q is commonly very small in comparison with a, we may 
assume the (linear) enlargement to be 14^ times the size of the objects. 

The field of vision, obtained in the direct method, is not limited by 
the dimly-seen pupillary margin. In order to determine its propea^H 
boundary, we may imagine lines drawn from the pupillary margins o^^ 
the eye observed, to the observer, and having their crossing-point in the 
centre of the observer's pupil If these lines be considered as rays of 
light, emanating from this centre, we find that the observer's field of 
vision, upon the retina of the observed eye, corresponds to a dispersion 
circle, in which the central point of the pupil of the observer presents itself. 
If this central point, or rather its image, seen through a concave leas, 
situated in the first focal point of the eye, the dispersion circle will themi 
be equal in size to the pupil of the eye observed. Usually, however, the 
eyes of the observer and observed are not near enough to each other for 
this } and then the dispersion circle, corresponding to the field of vision, 
will be smaller than the pupil of the eye observed ; and smaller stiU, the 
farther the observer is remote. (Helmholtz.) 

n. THE EXAMmATION OF THE ACTUAL INTEETED IMAGE. 

It has been already stated, that a simple or compound lens posse 
the property of exhibiting an object that lies somewhat beyond its foeaf 
point, in a magnified and inverted image; and that this image is visible, 
when intercepted at the point of union of all the pencils entering into 
its formation. This property of lenses may he brought into application in 
examining the retina through its own refracting system j for, if the retina 
be at a sufficient distance behind the focus, or if we diminish the focal 
length by optical means, we obtain an inverted image of the retina at a short 
distance in front of the eye, and we may see this image clearly, by with- 
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drawing from it so far as our own visual power may require. Luminous 
objects are visible to our eyes from different distances, accordingly as we 
may be able to accommodate* If proper accoramodation be made^ there 
will be formed, by focal union of the rays of light upon the retina, a clear 
inverted image. When, therefore, we perceive the inverted retina of the 
examined eye as an illuminated membrane, we know that the rays of light 
proceeding from it are united to form an image^ for which our own eye is 
accommodated. 

If we inquire into the utility of such an actual image, for the examina- 
tion of the fundus oculi, the answer will depend upon its size and brightness 
(both of which are determined by its distance from the eye represented); and 
also, more especially, upon its being visible to an observer. To the unaided 
eye, however^ the image is generally invisible, on account of its smallness 
and dimness. It is therefore necessary to use optical means, in order to 
bring it into view. If we consider the retina to be illuminated by a flame 
or mirror, situated in the far point for which the eye is accommodated, so 
that an inverted image of the flame is formed exactly upon the retina, 
then the rays leaving the eye will return by the same course that they pur- 
sued in entering; and, coming under slight divergence, they therefore return 
convergent. If now a convex lens of short focal length be placed a few inches 
in front of the observed eye, the rays passing through the lens to enter the 
eye will be strongly refracted, and will be united in front of the retina in the 
vitreous body, so that they will proceed, overcrossed, to form a dispersion 
circle on the retina. The rays reflected from tlie fundus of the eye wOl 
also be united, after they have again passed through the lens, in its focus, 
where they will form an inverted image of the circular illuminated portion 
of the retina; and this image, if regarded fipom a proper visual distance, 
will be clearly visible to an observer. It is necessary that the observer 
should look at the focal point of the convex lens, in which point the aerial 
inverted image will be seen. Since the obscurity of the image increases with 
its size, and with its distance from the eye, it is generally advantageous to be 
content with moderate enlargement, and to use glasses of 2'', 2\'', 3", 3^", 
or 4" focal length ; although lenses of such strong refraction have the disad- 
vantage that their foci are very small and narrow, and therefore are lost 
by the least movement of the eye; and that, with increasing strengtl^of 
the lens, the intensity of the light for the observed eye is increased. In 
the description of the several ophthalmoscopes, it has been already stated 
what numbers of convex glasses should be used with each. 

In this method of examination, the short-sighted observer can approach 
nearer than the far-sighted, and it will be advantageous for the latter to 
approximate his eye to the image, by the use of a weak convex ocular glass. 
If the examined eye be blind, it can only be determinedexperiraentally 
whether any or what lenses will be required. 
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With regard to tlie enlargement afforded by the inverted melliod, tli© 
references to Fig. 65 are the same as for Fig. 6i. 

Let A" be the magnitude of a portion of the retina at tbe point a, ^ 
the magnitude of its image at b, S that of its final image at rf, y the distance 
of the retina from the posterior nodal-point, and (j the distance of the 
first principal point of the lens B from the anterior nodal-point of the eye A. 

Jig. 65. 



Then,f=4- 



8 a 

and ^=- ; these, bv multiplication^ 
b y 



me 



%^ — H-— T= ' /— v ? ^^ which p indicates the positive focal dia- 
8 7 (« + <?) pA^+'J) 
tance of the lens B, a the distance B b, and 7 the distance of Bd, As a rule, 
the lens should be so placed as to bring the pupil of ^ into its principal focus, 

in which case p will be nearly equal to //, aud the enlargement ^,r: ^, If we 

take the value of y from Listing^ s ideal eye, it follows that the image 8 is 

Twice magnified when p z^ZQ ram. (13*4"'), 

Three times „ p = 45 ram. (20-1'"), 

Four times „ p -m mm. (26'8"% 

Such is, at least, the actual enlargement of the objective image. The (linciir) 

enlargement for the observer, if the distance C d be supposed equal to c, 

is Jl 4-8\ The field of vision of the observer is, in this method, limited 
V c 

by the pupil of the observed eye, as long as the lens is held close to 

it. The farther away the lens is removed, the larger the pupil will 

appear, until, in the neighbourhood of the focus of the lens, the pupillary 

margin disappears altogetlicr from the field of vision, and the extension of 

the latter is only limited by the aperture of the lens itself, (Ilelmholtz,) 

* The inverted image may he magnified by a second convex lens. The 

rays from the inverted image reach the observer slightly divergent ; but 

by a second lens they may be rendered less divergent, and will appear as if 

they came from the direction of a continuation of this less divergeut course, 

aud from a point, nearer to the eye of the patient, determined by the 

intersection of the peripheral rays. 

The arrangement of the combination of two lenses necessary to 
obtain a highly-raagDified image, may bo, according to Stellwag : 

By a combination of two convex lenses behind the opening of the 
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mirror, so that the anterior will bring the inverted diminished image 
within the focal distance of the second. The enlargement will be very 
considerable, and the object will be seen, inverted, as its inversion by the 
first lens Will be left unaltered by the second. 

Or, by placing before the observed eye a convex lens of shorter focal 
length than its distance from the hinder surface of the mirror, and 
looking at the inverted image thus produced through another convex 
lens placed behind the mirror, and of a focal length greater than its 
distance from the image formed by the first lens. The enlargement will 
ifae more considerable, the greater is the focal length of the first lens (so 
long as this is less than the distance between the two), and the greater 
the magnifying power of the second. 

Or, by placing before the observed eye a convex lens, and intercepting 
the convergent rays returning from it by a concave lens behind the mirror. 
In this case the convex lens must have a focal distance greater than 
the sum of the distance between the lenses, added to the focal distance of 
the concave. 

In order to obtain considerable enlargement of the inverted image of 
a myopic eye, Liebreich proceeds as follows : — He holds a convex lens, of 
greater focal length than the distance for which the examined eye is 
adjusted, at a somewhat greater distance in front of it than the focal 
length of the lens. The refracting media of the eye then form an image 
in the plane of the distance for which the eye is accommodated; and this 
already strongly-magnified image is seen through a glass, the power of 
which is, indeed, very limited, since the object is too far within its focus, 
hut which can at once remove the image of the iris, and enlarge the field 
of vision. 

Let it be supposed that the examined eye has a myopia ^ i, so that its 
far point is at a distance of only 3" ; and that a lens of about 4" focus is 
held about 4|" or 5" in front of it. There will then be a highly-magnified 
inverted image of the fundus, distant 3" from the eye itself, and Ik" or 2'* 
from the lens. By the latter, on the one hand, the image is enlarged ; and, 
an the other, the inverted image of the iris is projected in a larger size and 
fftt a greater distance, so that it does not confine the field of ophthalmo- 
scopic vision. The distance at which the observer must place himself will 
depend partly upon his own accommodation, and partly upon the strength 
and position of the lens and the position of the image — ^matters that can 
easily determined by trial It will be found, without reference to exact 
ccommodation for the image, that the observer cannot depart much from 
a certain definite distance without diminution of the field of vision* 



The precise manner in which the aphthalmoBcopic image Ls inverted, luis oflen lieen 
a gtximbhng-bLx^k tc* learners ; and, although all the fact» may he gathered from the 
foT^going, it ia perhapa worth while to recapittdate them in few words. 
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Everything situate at, or within, the principal foOTi« of tlie eye eataniined, may he 
aeon erect with the mirror alone. Thus the retina of an emmetropic or hypermelixjpic 
eye, a deta^jhed retituif aud an intraocnlar morhid growth or foreign subtfUyice, mur 
be Been in their natural positiomi without an obje<;t leng. 

Everything situated beyond the principal focuH of the eye, such as the 'retina uf a 
myopic eye, or the bottom of a deeply -excavated nerve disk, may be seen inverted 
with th(? mirror alone. Everything situated at, or not much within, the focoa^ mfty 
be seen inverted by the interposition of a convex lens. 

The inverted image appears to move in a direction contrary to that of the 
movement of the head of the patient or of the observer, and in the same direction oa 
the movement of the convex lens, ^fhe erect image appears to move with the heiul of 
the patient or tJie observer. By this difference the two can be distingnished apart at 
a glance. 

In order to understand clearly the eflTect of t^te inversion^ it is well to take a 
piece of thin writing-paper, and to draw upon it a circle to represent the fundua of 
the left eye of a person placed opposite to the spectator. The circle may bo 

Su 
attrronnded by the letters Na Te w> arranged as to indicate the auperior, inferior. 

In 
temporal, and nasal boundaries of the figure. To the nasal side of the centre a small circle 
may be di-awn for the optic disk, with liuee radiating chiefly towards the temporal 
aide, to represent the blood-vessels. The sketch, as it standi, will give an ide-a o£ thi» 
erect image; with its temporal side tc» the right of the spectator, and the vesselii 
poising to the right. 

If the piece of paper be turned bottom upwards, with the written side still 
towarda the spectator, the ordinary conditions of the inverted image will be fiiMlled« 
and the inversion of all part€ wiU be complete. 

If the par»er, BtiU upside down, be now turned with the written side away Irom 
the spectator, and heJd towards the light, the effect will be like the inversion produced 
by the first form of Laxirence's reflecting ophthalmoscope, or by the aut-ophthalmoscopoi 
of Heymann and Giraud-Teulon. The figure is still inverted ; Ijut the spectator in 
placed behind it, and the position of his right hand is changed with regard to it ; 
hence the vessels pass from his left to his right, as in the erect image; wlule the 
ni»|>er part« are seen l»elow, «md v^ice-versd. Tlio simple experiment do»cril»ed will 
make this clear in a moment. 



The comparative uaes of the two methods of examination may be 
Btatcd in the following manner : — 

So long as the observer is oeenpied with the relative poaitiona of the 
larger parts of the fundus oculi, rather than with a close acrutiny of fine 
objects, the inverted image should be preferred ; and, especially, when it 
is desirable to diminiah ilkimination on account of disease. Notwith- 
standing the abnence of high magnifying power, the examination of the 
inverted image, on account of the larger visual field and more compre- 
hensive view that it affords, is sufficient to guard against any grave errors 
in practice. The examination of the erect image, indispensable for matiy 
purposes, such as the observation of changes in the optic nerve, pulsation 
of its vessels, and so forth, is chiefly needed for the investigation of the fine 
details of changes, the seat of which has already been made known by the 
indirect method. The same rules apply to these as to aU diagnostic 
means ; and for the right estimation of morbid changes, it is before all 
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things essential to compare the diseased parts with the healthy tissues 
around thera^ as well as to compare diflFerent portions of diseased structure 
with one another. The relations between the two methods are, for the 
fundus of the eye, much like the relations between unaided examination, 
and examination through a lens^ of the more external parts of the organ. 
For the inspection of a small corneal opacity, or of a pig:ment-spot on the 
anterior capsule, the magnifying glass renders na important service ; but 
stil! we should diagnose the affections of the cornea and of the pupil 
badly, if we regarded the magnifier iu any other light than as an 
occasional auxiliary, (v. Graefe.) 

Since, in examination of the inverted image, we obtain a general view 
of the retina, while the examination of the erect image gives the clearest 
and most magnified view of details, it follows that in exact inquiries 
the two methods should be combined. Neither the one nor the other, 
however, should be continued too long, or repeated too frequently, as a 
diseased eye may be seriously injured by prolonged or unduly repeated 
examination. 



The foregoiiig section atiH leaves room for a few observations, that may he 

. nsefiii to beginners, with regard to t^e hest method of conducting an ophthalmoscopic 

*~ ' ation. 

It is an important element of snccess that the patient should be oomfbrtably and 
easily seated, well back in the chair, and with the head erect. Mr* Streattield has 
invented a special chair for the purpose, witb a high straight back, that may be iitcca- 
sionally useful. It is described and figured in the third volume of tht? '* Ophthabuio 
Hospital Eeports.'* 

The observer should be seated with his eyes not perfectly on a level with, but a 
very little higher than, those of the patient. Tlie two faces should Ije pn*ci»ely 
opposite to one another, feature for feature ; and the surgeon should uwe hi« right eye 
for the inspection of the left, and vicC'Verm. The patient Bhoukl lie cautioned not to 
turn his head, when told to alter the direction of his gaze. Before commencing, it 
ia well to observe what amount of control he possesses over the movements of his 
eyes, and how far he is able to look upwards and downwards, to the right hand or 
the left. 

It is wen known that ocular movements are best guided by reference to some 
object of vision. Mr. Hulke has mad© the useM and practical suggestion to place a 
large screen, divided into numbered compartments, at some distance behind the 

liurgeon, who. knowing the position of the tigurefl, would tell the patient to look at 
7 or at P. This is an excellent contrivance?; but still it may Bometiraes be replaced 
by objects that are alwaya in readineaa : namely, the fingers of the hand that holds 
the mirror. For this purpose I depart from the common practice, and, for the 
inverted image, place the handle of the mirror horizontally across my face* applying 
it to the right eye, with the left hand, for examination of the left eye ; and to the left 
eye, with the right band, for examination of the right. I take the handle l>etween 

'.jny forefinger and thumb only, turn the palm towards the patient, elevate the 
x^emaining fingers, and tell the patient to look at them steadily, and to follow their 
movements. If the sight be tolerably good, the observer will thus obtain complete 
command of the position of the globe, and may guide it in any direction. If the 
optic -disk be nearly out of sight, a sUght change in the place of the fingers will bring 
it into, and keep it in, the centre of ihe field. If the sight l»e defective, it is easy to 
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keep tlio fingor.^ in to-and-fro movement, by wHcli means they are nccn more rradily 
tluin any stationary L»bject. 

If tlie siglit be good* and the pupil not under the influence of atropiiu*, 
the fingers ^vill be too near the patient to serve as euitable objects of visiaiL In 
uecommodating the eye for them, the contrtietion of tlte papil that is usually 
assooiate<i with the action of the eiliaiy maBele, wonld interfere with the admisgion of 
light. This difficulty is easily obviated, by directing the patient to look pagt the 
fingers, at an object on the other side of the room. 

The horizontal position of the mirror handle has the additional advanta^ of 
placing the object len« in the hand that corresponds to the temporal side of the eye 
examined. If it Ije held in the othir liand, the nose of the patient is in the way; 
and he breathes over the hand, and up the nleeve of the surgeon. 

I am accustomed to take the object lens between the thumb and index finger, 
and to rest the ulnar Bide of the tip of the third finger against the upper margin of 
the orbit, a Uttle exteraal to the vertical meridian of the eye. If there be any 
tendency to closure of the lidis* it is easy in this jKisition to take up a fold of skin with 
the finger, and to control the upper Hd without in the least alarming or hurting the 
patient ; and it is also easy to exert any degree of pressure upon the globe. 

To use the ophthahnoacope of Cc>cciu8 in the manner descril^ed, it is neoessary to 
remove the handle from its iiaml position, and to fix it opposite to the horizontal asda 
of the collecting lens. 

The ophthalmoscopes of Coccius and Zehender, on account of their collecting 
lenses, require slightly difi'erent management from the simple concave mirror. The 
bt*ginner will tind it best to place eitlier of them nearly in the position it wiU require 
to occupy, and to anange the position of the collecting lens, so as to throw a brilliant 
inverted image of the Hame upon the check of the patient, as a preliminary to lookin^^ 
through the perforation and guiding the light into the aperture of the pupil. 

In tlie examination of the erect image, the eye of the observer is brought clci8« 
to that of the patient ; so much so, as to Lnteiiere with any object of vision. The 
movements of the globe can therefore only be guided by verbal directions, or by 
idightly moving the head of the patient with the hand ; and the observer will find it 
usefiil to vary his own point of sight, and to look into the eye from every po&dble 
tiirection. 

The hinocuJar ophthalmoscopes require the same general management as tho 
monocular, and may be fittixl witli niirrora of any surface* and with or without a 
collecting lens. As usually made, they are only adapted for vertical illuminiitioti ; 
but 1 find that they will work ecpiaUy well with lateral. It is evident, however, tliat 
binocular vision ia of leas impoilance for the ilirect image ; and I hardly think that 
Zehenders ini*trument is likely to l»e aufiei'seded. 

The lenses commonly sold with ophthalmoscopes are altogether insufficient for 
tlie demands of practice. I have had the BmoXi clips removed from my instmmenta, 
and replaced by others, large en<iugh to carry the lenses of tlxc spectacle-box. By ihiR 
phui a great variety is at connnaud, and will l>e found highly useful. For the ctiect 
imag^e, the weaker concaves an? often advantageous; and, for the inverted, tho 
common 12'" ocular may lie replaced by much higher powers. I frequenUy ussc ci 
i>'' ocular, in combination with a 4" object lens. It must be remeraberetl Uiat tho 
distance l)etweeu the lenses must 1^ equal to the sum of their focal lengths ; and that 
hence every increase in the ix»wer of the ocular must biing the mirror nearer to tho 
patient. 
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The preceding methods of exainiQatioQ are only applicable to the 
interior of the eye in a restricted sense^ that is, to the retina and choroid ; 
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wtilcj for examination of parts anterior to these, the iris, and refractinj^ 
media, it is necessary to adopt another kind of procedure, by means of 
incident or transmitted light. 

In strict language, the expression transmitted light cannot be applied to 
rays received upon the fundus oculi; but two different sorts of illuraination 
are commonly expressed by it : — in one of which the image of the flame 
would fall exactly upon the retina^ while in the other it would be formed 
before or behind it, and therefore produces upon it a dispersion circle of 
greater or less magnitude. In the first case, only a small portion, corres- 
pond in g to the inverted image of the flame, will appear brightly illu- 
minated ; in the second, there will be an equal illumination of the whole 
fundus. The latter is therefore especially adapted to afford a general 
view, the former to allow an exact examination of particular details. 

The greatest advantage has attended the use of this double method of 
illumination in the examination of the vitreous body; opacities in which 
lire liable to be erroneously estimated when only one of the two methods 
is pursued, Such opacities, if solid, appear entirely black by transmitted 
light; while by incident light they exhibit their proper colours, and 
enable the observer to estimate the inequalities and other peculiarities 
of their surfaces. 

By the examination with incident light, the image of the flame being 
thrown upon the object inspected, changes in the cornea, iris, and lens 
can be detected more easily, and their structure more clearly seen, than 
with a magnifying-glHBS by daylight. An especial method of employing 
incident light is by — 

THE EXAMINATION OF THE EYE BY LATERAL IIXITMXNATION. 

The chief advantage of the lateral or oblique method of illumination, 
first* applied to physiological researches by Helmholtz, and more extensively 
employed by v. Grafe and Liebreich as an important aid to diagnosis, 

* Tho first who applied this Idnd of illuminntioti to the examttifition of the eye woa 
Himly. who says, in hi» iDAtractioni for uymptonmtie invcBtigation (** Krankheiten uod Miss- 
bDdangea des meoscbUchen Auget,'* Ikl, ], S« 17), "In tlio»e CMAea In whicli stronger 
illumination ia required, for exampk, in order ki aeo dearly inlo tlie deptlis of the eye, or to 
observe the texture of the iria, the increaao of blood-veHaelaf and the like, the object may be 
attained by the reflection from a mirror^ or by the concentratton of light by means of a not 
Y6rj mtaik. convex Icoa, held at a an i table diatance before the eya. If tho glass be too convex it 
muft be held ao dose that it wit) interfere with the observatioo* It muat aUo be rightly direeted, 
or it win only thow its own disk-like roflcotioa from the cornea. Such a glass may be set as a 
spectacledenti upon the patient's nose ; but it always requires cautionp as to whether the eye 
can bear its light. Tlie reflection of the mirror can be employed ooly in rare casei, and in 
blind eyes, aa In the totally amaurotic^ or in those suficriDg from cerebrifnrm fungus. Tho focus 
of a strong convex glass is not eqouDy daxzling, and therefore not ao dangerous, Tlni", however, 
ought not to be allowed to fall directly upon the retina. Moreover^ the obayrver itiu*t not be 
deceived by the drcumstanco tliat the interior of the eye loses tts black iiesM in stiong 
iltnmi&aUon, and appears greyish, smoky, or greenish." 
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consists in tbis^ that by its means the front portions of the refracting 
media can at once be brilliantly illuminated, and considerably magnified, 

A brightly-burning lamp^ covered only by a chimney-glass, is pi 
at the side (and a little in front} of the patient, in a dark room^ the 
tlame being on a level with his head. The observer sits in front of the 

Fig, «i6. 
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patient ; and, either with a concave mirror of short focal lengthy or a ' 
biconvex lens of 1^" or 2", directs a cone of light into the eye, and then 
examines it through a magnifier. The concave mirror must not be held 
80 that the observer looks through its central openings but laterally, and 
quite out of his line of sight, and the lenses are held as shown in Fig. 66» 

Liebreich gives the following, as considerations that determine the 
position of the lamp and lens in this method of examination : — *' The more 
iUumiuation is required, the nearer to the patient the lamp mmit be 
placed, and the stronger must be the lens. When we wish to examina 
any extent of surface, this surface must cut the cone of incident hght 
obliquely, before it has been united in a focus. On the other hand, 
if attention be directed to a single point, the cone may be brought to & 
focus on this point. The angle that the axis of the cone of raya forma 
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with tlic visual axis of the eye observed must be larger, as we approach 
the equatorial portion of the lens, smaller as wc approach the pole. It 
must naturally be very small^ when we inspect the vitreous, — ^opacities iu 
which, illutninated in this way, exhibit their actual colours much more 
clearly, and allow their positions to be determined more easily and com- 
pletely, than in the common method of examination/* 

Focal illumination is especially valuable for minute scrutiny of the 
iris and pupillary margin ; for inspection of the ciliary processes, which 
may be singly followed to their origin ; but, above all, for the examination 
^of wounds and exudations of the capsule, and for determining the con- 
sistence of the cortex, or the size, colour, and position of the nucleus of 
the lens. In examining for cataract, and parts behind the iris, the pupil 
must be completely dilated by atropine. 

Simple and easy as this method of inspection may appear, it still 
requires a certain dexterity, especially of the hand that carries the lens — a 
dexterity that cannot easily be described, and that can only be attained 
by practice. 

1 am informed by Dr. Liebreich that, although otherB liad pruvioiii^ly illumimited 
the* eye by the convergent jiencil afftjrded by a convex lenn, ho wa*! tlie tirnt to com- 
bine with tliiH illurnination tlie 8y«toma.tic ub« of a tiecond lens, or n combinittion of 
lentifs, to magnify the imrt« inspected* For tliia ptiq>OHt' he foutrived hi^ tipJitlialmo- 
niicrt^jHcope ; which, tks well as those of Cocciiis aud Weeker, would have boon more 
suitably described in this plaice thiin among the ophthahnoscopus. (See pp. 3*2 A 40.) 

Dt, Heddaena hivs recently advocated the nae of daylight for lateral illu- 
mination, aj5 well aa for microscopic inspection of the eye. For these pnrposcfi, 
he nwH a pencil of ray a admitted through a central perforation, firom one to two lines 
in diameter, in a screen aulficiently large to shield the head of the patient from 
(htfiiHed Hght, The pencil in concentrated by a lenB in the uanal ways and 
Dr, HeddaeuH claims for it many advantages over the usual lamp Hame. Ho thinks 
it ejchihjte ol>jectfti in more natural colour ; that it is more easy of application, and 
more comfortable both to patient and nl»«erver. He does not use the direct rays of 
the «un ; but finds the diilu«ed %ht even of a cloudy day amply tiutiicieut for all 
purpoa^M, 
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SECTION THE THIRD. 



THE OPHTHALMOSCOPIC APPEARANCES OF HEALTHY 

EYES.— (LiebreicVs Atlaa, Plutca L & IL) 

SxiiucrriuE of the Cuoboi©. 

THE ii«pect of the fundus ociili, both in its healthy and diseased coiniitiom*, is so much 
gijvemeil by the state of tlie choroid, and is so much more easily interpreti^cl by 
tliu aid of continual reference to that complex membrane, that I have thonj^ht it 
desirable to introduce^ in this place^ a brief outline of its Btmcttire. The following 
account in condensed from the Eiudes Oiyhthabnoloijlqaes of Profesaor Weckor, to 
whom the original waa ftimit?hed by Professor Manz^ of Fribourg:^— 

" The incomplete vascular membrane which forms the second coat of tlie eye Li 
at once distinguishable into two pai-ta ; of which the posb.^rior, applied to the sclerotic, 
is called tlie choroid ; and tlie ant^^rior, free fi-om the external covering, the ins. The 
anatomical elements of the two p^jrtions are so similar, that, even apart from the 
history of their embryogemc development, they can only be regarded as coiu^tituting 
a single structure. The stroma of the choroid conidsts of a tissne intomiodi^iits 
between the elastic and the cellular ; and presents, in diiferent parts, a predomimuictt I 
Bometimes of one and scimetimes of the other character. 

" The tissue is ctjmposcd of ctdls provided with nmnewns prolongatians, ibai 
unite to form a alender and elegant network, an in the cellular tissue of other part^^i. 
Tlie cells of the choroid are. however, distinguijshed from all others by contnining, 
besides their nuclei, a variable quantity of brown or bliick gramdes of pigment. 
Some nf them are ahuost filled, wliile others contain only a few particles. The latter 
kind mu-st be regarded as intonnediute between tlie former, and other cells destitute 
of pigment, that occur in the same stroma under two forms. The first resemble th^} 
pigment cells in ontHne, and are very like those of ordinary cellular tissue^ The 
second, much more rare, are nearly rem ml, without nuclei or prolongations, and 
contain Ene granules. The la«t-mentioned cells, of which the histological character i% 
iitill unknown, and which were formerly regarded as morbid formations, are constant^ 
but hiive no visible relation to the other elements. Tlie metm meaaiuH^ment of the 
pigment eelb is from O018"'™- to t)'045"""' In their largest diameter; and tho 
Imrgcflt cells are found atljacent to the scderotic. 

*' The cells of tlie choroidal stroma are divided into definite strata by the 
pn*Bence of an inU'rceUulor substance, arranged in delicate homogeneoUH 1ameJ1fe« 
wluch increase in thicknejw ttjwards the intei-md layers, and there assume tlistinctly 
the characters and the chemical properties of clastic membrane ; whilst Uie cellular 
tdements, especially Uio reticuhited pigment cells, diminish in number and sixe, 
and lire replac<'d by small cells with nuclei and very short j)rolongations. Eve:n tho^e 
lu^st soon disapp*«a?. and the? inU'nial face of the memlrrane i)resent^ oidy a homo- 
geneotis structure, with nuclei hert? and there, and gnx>ved by blood-vessels, 

** According to the latest reACiirchea of H. Midler, the choroid contains typical 
cdltilar (c-onnecting) tissue. Tins is found under its habitual form of intorlacixl 
fibres, and presents tlie charucleristic reactions* It ia most abtmdant on the extenial 
face of the membrane, which Xioa received tlm mime of himma fiunca, HLstology 
tea*!he«, however, that tliis m in no way distinct from the Bubiaccnt [>ortion«, althoujgh 
in some coses it much rcocmblcH a t»epuxate membrane. It forms, m to etpcak, a bod 
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for the vess<?l9 aiitl nervea that proceed to the iris j and terminates, anteriorly, in the 
ciUar)' muscle* ponteriorly hy being lost aroimd the insertion of" tlie optic nerve. 

** In the tissue already described as being predominant in the choroid, there arc 
fomid other elemejitst — vesseb, nerves, and mniicle**. The first are bo numerous, tmd 
80 aiiigiilarly distributed, that they have received the name of the vascidor membrane 
(timka va^icHlosa). According to the division and arrangonient of the^c vesaels, they 
are considered aa forming two, three, or more layers; of which I recognize three. Tlie 
arteries arise from the posterior short ciliary branches ; that, to the number of twenty 
or more, are given oif by the ophthalmic. These surround the optic nerve ; and, at a 
. greater or less distance from their entrance into the globe^ they jjerforate the internal 
surface of the sclerotic and subdivide dichotoniously. Their first division ia in the 
choroid ; and their branches arc distributed in different methods. A smoU portion, 
after many subdivisions, become transtbnned directly into veinlets ; but the greater 
number form by their ramifications a layer that will presently bo described, and 
that gives origin to the capOlaries, These again fonn the third vascular stratum, 
.known as the chorlo-ciijiillarls^ or memhrami Mwjschtana, 

" It has been already mentioned that the most internal layer of the choroidal 
stroma hfis lost neai'ly all the tlistinctive charaoters of that tissue. It consists of a 
homogeneous membrane of consideral>le rigidity, which the cafiillaries traverse as if 
they were channelled in its substance. The number of the capillaries is such that the 
space they cover exceeds the inter«rticefl between them. Their diameter is generally 
O-OOpwiiw and upwards; and that of their interapaces varies from 0*006'"™- toO-OOl"^"** 
The chorio-capillaris, therefore, when injected and exajnined va^ih a low power, presenta 
an appearance of unifonn redness ; but, under a higher power, the interstices left by 
the capillaries beeumo visible as little islets, 

" The so-called tunica vasculosa consists of innumerable interlacing and anasto- 

r jsofiing veaaelsi and of veins that form the remarkable star-shaped figures known as 

lie vmtm vartkmm. These are indebted for their peculiar aspect to the convergence, 

'^irom all directicms, of many veinlet^*, to unite in a single trunk that perforates the 

sclerotic. Of such vortices there are usually four, or six, or more ; and blood is also 

carried away from the globe by the ^ort poeterior ciliary veina that emet^e firom the 

sclerotic around the optic nerve. 

^ A third and inconsiderable portion of the branches of the short ciliaxy arteries, 
after many subdivisions, assume a rectilinear direction, and pass forward to assist in 
the nutriticm of the iris. These are the choroidal vessels, of moderate size, that may 
be seen with the ophthalmoscope in most eyes, near the ora eerrata. 

** Besides the Tesaeb, the stroma of the choroid contains also striped muscular 
fibres, and nerve-fibres with ganglionic cells. The uses of these elements of it« 
structure are not yet clearly understood. 

" While the external layer of the choroid — the lamina fosca of old writers — ^imites, 
tJthough not clo«ely, the choroid to the sclerotic, the internal suriace is perfectly 
separated firom the retina by the lanuna elastica. This structure belongs to the 
vitreous membranej^, is more or less easily separable from the chorio-capillaris, with 
which it is in contact, and is provided with epithelium on its internal surface. In 
api»earance it is identical with the membrane of Descemet (lining membrane of the 
cornea) ; but is far more debcate, posse^jsing a thickness of only 0'0012'°"** 

** The epithelial layer of the choroid, which has been badly called the fa^iettim, is 

omposcd simply of a stratum of flattened cells, regularly hexagonal, containing each a 

ad transparent nucleus, and a considerable number of brown pigment-granules. 

These grannies vary in colour and in abundance according to the general tint of the 

hair and of the irides. Tlie hexagonal cells themselves possess a diameter of finom 

0*01«*n»* to O'OIo^w- ; and a tlucbiesa of 0'008""»» 

** In the neiglibourhoo«l of the optic nerve, the sclerotic and choroid are more 
closely nnitetl; and, according to H. Miiller* the nerve, a little before its expansion, 
is sniTOunded by a fine and tight ring, fonncd essentially from the elastic lamina and 
the chorio-CHpillaris. Seen firom before^ this ring [>rescnts invguhirly concentric 
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gtriations. Its aKarp intemiil edge gives oft' iine ttbrilkp, which enter l^twe^n tht 
fasciculi of the nerve, and fomi the anterior frarfaee of tlie lamina cribroea. The latter 
is a membrane of small thickness, prefieuUng a flight anterior ooncarity/' 

I have not thought it needtul to follow Professor Manz in hii^ description of tht? jiarti 
of the choroid that ai"e situated anttvriorly to the field of ophthahno»copic visicm. Tlx 
foregoing includes all that ia of ajiy pmctical value with regai-d to oar pix^sent subject; 
although it perhapn gives hardly 8uificieiit prominence to the pigment^elL^ fif the 
stroma, which, in all but light eyes^ are ]3reaent in great abundance, liUini* up the 
me^es of the tunica va.sculo«a, and usually surrounding, and in greiit mea^are can* 
cealing, the vessels by which that etrucUire i« chai*acterized* 

1. THE PAPILLA lOlRVI OPTICl, OB OPTIC DISK. 

It is necessary to remember that the optic nerve, if prolonged in the 
direction of its entrance into the globe, would strike the outer third of the 
cornea; and that it is therefore seen most easily when the eye under 
examination is directed inwards^ and somewhat upwards. If the papilla 
be not immediately visible, but if vessels are perceived passing over a red 
ground, any one of these vessels, traced backwards in the direction of its 
increasing thickness, will be found to terminate in the nerve. 

The entrance of the optic nerve presents, within normal limtta;, 
considerable diversities of shape and colour. With regard to shape, it is 
in most cases round, but seldom perfectly circular, often oval, — with the 
long diameter perpendicular, — angular in almost all cases of convergent 
aquint, never oval with the long diameter horizontal. In many cases, the 
ophthalmoscope exhibits round the entrance a dark ring or crescent, which 
depends upon a collection of pigment in the choroid, in the immediate 
neighbourhood of the nerve, and has no pathological signification. At the 
point where the lamina cribrosa ceases, the nerve is contracted, and the 
opening in the choroid is narrow, and in a certain measure compresses the 
trunk. For this reason, a sort of double border, x, is often seen around 
the nerve-entrance, and between the limits of this border it is still sur- 
rounded by the choroid, in which, at this part, Donders has sometimes 
seen a choroidal vessel (^)j Fig, 07. 

With regard to the limits of the nerve, the following description is 
quoted from Liebreich : — *^ Under the choroidal margin is the line, more or 
loss dark, that indicates the border of the opening in the choroid; under 
the sclerotic margin is a bright crescent or circle, formed by the curviu*' 
round of the sclerotic librca, and appearing between the choroidal margin 
and the fine greyish line that indicates the narrowest part of the nerve 
itself, and is therefore called the proper nerve-boundary." 

The colour is either white, yellowish, reddish, or bluish, with grey 
or greenish admixture. The glistening whiteness described by some 
observers (tendinous glistening of Coecius) is not found in healthy eyes ; 
but is present, as we shall see hereafter, in many conditions of disease. 
Among the causes of variation of colour, within normal limits, may be 
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mentioned the age of the iudividualj the manner of distribution of the 
vessels upon the optic disk, the ilhimination, and the colour of the sur- 
rounding field. In eyes rich in pigment^ the illuminated disk is compared 
by Desmarrea to the moon in a fine summer night, and contrasts strongly 
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with the neighbouring parts. It is sometimes surrounded by a margin of 
pigment grannies, often perceptible as a dark ring. In eyes with less 
pigment, the disk cannot be so conspicuously iUumiuated or so sharply 
defined, and presents usually a more reddish tint. 

In the bright disk of the papilla there may often be observed an 
admixture of a delicate greyish or bluish stippling, in elongated dots, 
lines, or clouds, by which the intensity of the light is so increased, 
sometimes at the periphery, more frequently in the centre, and especially 
between the vessels, that the parts displaying it appear to shine. Of this 
appearance, Jaeger gives the following explanation :■ — "The great diaphaneity 
of the nerve-tubes of the n. opticus, when deprived of their investments 
of connecting tissue, allows the vision of the observer to penetrate their 
structure as far as to the plane of the inner surface of the sclerotic, and 
even farther. The stippled appearauce of the optic disk is due to the 
circumstance that the interstitial neurilemma, terminating at the plane of 
the inner sclerotic surface as a sieve-like or perforated membrane (lamina 
cribrosa), reflects the light and appears whitish and shining ; while the 
tubules in its inter&tices allow a deeper penetration of the rays. The 
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observer^ looking at tliese tubules in the direction of their axes, sees thetn 
in section as roundish grey or bluish spots; and, by looking at them 
obliquely to their course^ the spots appear somewhat elongated* The 
stippling corresponds to the position of the nerve-tubules, and is eommooly 
clearest and best defined in the centre of the disk, and in a directioa 
towards the macula lutea ; but becomes uncertain and confused from the 
centre towards the nasal side, and is almost or altogether wanting at the 
periphery." For the recognition of these nerve-fibres, the kind of 
illumination is more important than the degree of magnifying power, and 
it is necessary to use the erect image, in order to throw upon the papilla the 
greatest possible amount of light from a small image of the flame. The 
distinctness with which the fibres will be seen varies, in normal eyes, 
very considerably ; and in pathological conditions, it will be found that 
the netw^ork of the lamina cribrosa will be visible over a larger surface; 
the more extensive, and with greater clearness, the deeper is the excava* 
tion of the papilla. It is of importance to be familiar with the size and 
nbimdance of the grey interstices, and of the brighter connecting tissue 
between them; since such knowledge affords an essential standard by 
■which to judge of the commencement of atrophy or degeneration. {See 
Liebreich's Atlas, Plate II.) 

The size of the nerve-entrance is different in different persons, but is 
only in rare cases different in the two eyes of the same person. lo the 
dead subject it has an actual diameter of about one line; but in the 
examination with the ophthalmoscope it is magnified by the refracting 
media, in a degree governed by the vision of the person examined. The 
disk of a normal-sighted (emmetropic) eye, examined in the inverted image 
with a convex lens of 2^' focal length, appears about 3"' in diameter. The 
disk of a short-sighted eye, seen in the inverted image without a convex 
lensj and without artificial mydriasis, will appear so large as to occup; 
the whole pupillary opening; and the same disk, by the application of 
convex lens, will appear smaller than in any other case* In presbyopia, 
an opposite result is obtained, and the apparent size of the disk is increased 
by the interposition of the lens. It follows, as a rule, that the more 
short-sighted the eye examined, the weaker should be the convex lens, 
and the more presbyopic the eye, the stronger the convex lens, for the 
production of the inverted image- 

The magnitude of the nerve-disk bears little relation to the general 
dimensions of the eye, Jaeger found the largest in a normal eye of 
medium sisse. Of eyes taken from the dead subject, and measured by the 
same observer, the largest, with an axis of 12 Vienna decimal lines, a 
horizontal diameter of ITG, and a vertical of 12 decimal lines, had a nerve- 
surface that measured 0'75 d. h in the horizontal direction, and 0*7 in the 
vertical. The smallest eye (of an adult) had an axis of 8'2 d. L, a horizontal 
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diameter of 8 d, h, and a vertical diameter of 7*9 d* L The horizontal 
diameter of its nerve-disk was 0*55^ and the vertical 0*49 d, 1, 

Since the apparent form and dimensions of the optic disk are modified 
by different lenses, and even by different positions of the same lensj 
Desmarrea advises that, in order to exclude, as much as possible, errors 
from this source, and in order to compare the sizes of the disk in different 
persons, the same power of lens should be always used, and that, as soon 
as the fundus and the nerve-entrance have been examined, the lens should 
be moved in all directions, in order to study the influence of its different 
positions upon the size and shape of the parts inspected* 

Contrary to the anatomical fact, the optic disk of the normal eye 
appears somewhat convex, and this wholly independent of its shape, from 
a certain combination of light and shade. Upon the nerve -surface, 
furthermore, the image of the flame appears not to be sharply defined ; an 
appearance attributed by Helmholtz to the translucency of the nerve- 
substance, and by Coccius partly also to irregularity of the surface. 

Upon the white surface of the nerve-disk emerge the vessels (arteria 
et vena centralis retinse), in most cases peripheral, usually towards the 
inner side, very seldom towards the outer, and sometimes central, and 
spread themselves like the spokes of a wheel over the fundus* The larger 
branches present many diversities in direction, number, and size; but the 
normal arrangement appears to be an artery and two veins passing upwards, 
and the same downwards. Sometimes the arteries and veins pierce the 
nerve at the same, and sometimes at different openings ; sometimes each 
vessel at its own. The artery is very often external to the vein, and 
sometimes crosses it, sometimes is crossed by it, in their respective courses* 
With regard to size, it may be said, as a general rule, that an optic disk 
of small diameter presents small vessels. 

The arteries are smaller and of a brighter red than the veins, and 
pursue a straighter course from their entrance to the periphery of the optic 
disk. Their diameter varies from about 005"' to 0-02o'". The veins arc 
larger, darker^coloured, and more winding* In their course over the optic 
disk both arteries and veins are without branches, or may rarely give or 
receive a few; but beyond the periphery of the disk they subdivide dicho- 
tomously (in the first divisions an artery and vein usually accompanying 
each other, and, in their frequent over-crossings, the artery being mostly 
superficial) and ramify over the concavity of the fundus, sharply defined 
against the choroid. They do not, however, approach close to the macula 
lutea, upon which, in the normal condition, no large vessel is visible. The 
retinal vessels, the walls of which are transparent, and in intimate union 
with the retina and hyaloid membrane, appear more distinct, the more 
light returns (through them) from the deeper membranes ; so that they 
are best seen in fair persons and by transmitted light. 
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The appearance of a double outline to the arteries, described by 
Helcnboltz, depends^ as van Trigt has shown^ npon an increased reflection 
from their walls, Jaeger observes: "The lighter and brighter central 
line of both arteries and veins, in their whole length, presenting an 
appearance as if they were transpareutj and seen by transmitted lightj so 
that their sides showed a somewhat darker tint, depends entirely upon the 
greater reflection from the surfaces of the vessels. The rays that are 
received upon the highest part of the vessel (relatively to the axis of 
vision) are mostly returned in the direction of their incidence upon 
the eye, but the rays that fall upon the lateral declivities are in great 
measure reflected in a lateral direction. The vessels in their actual breadth 
are completely uniform in colourj and are opaque ; as may be showTi^ not 
only by their considerable diameter, by the bright central line and dark 
margins of the larger trunks, the difference being less pronounced in 
smaller; but also by the fact that they exhibit the bright centre where 
they are perpendicular to the axis of vision of the observer, and lose it 
when they become placed obliquely with regard to him; that the lighter 
arteriesj in passing over the darker-coloured veinsj present the same 



appearance, the same colour and 



bright 



centre, at the crossing-place, as 



upon the general surface of the fundus; and, lastly, that the central 
reflection is easily displaced laterally by slight movements of the mirror, 
and is made to disappear entirely by changing the mode of illumination, and 
by using a mirror of very short focal length/* Furthermore, in young fair 
persons, Liebreich has observed fine bright streaks on the retinal vessels 
that penetrate to the choroid ; streaks that pass from one side of the 
vessel to the other by slight movements of the mirror, and that are ocdjy 
visible in places that receive the brightest and most direct light. 

The puhation of the central vesJtels, first seen by Coccius, noticed by 
van Trigt, and accurately studied by Ed. Jaeger, von Graefe, and Bonders, 
is visible as a venous and as an arterial pulse. 

The venous pulse is discoverable under normal conditions in all eye8,l| 
but in different degree and extent, and is strongest in the most flattened 
and apparently pointed veins. Moreover, it is easily produced by pressure 
with the fingers upon the outer side of the globe* By rhythmical inter* 
mittent compression the veins may be seen to contract and dilate as the 
pressure is applied and withdrawn ; in gentle continuous pressure the 
pulsation is clearly apparent; and in steadily increasing pressure the veins 
continuously diminish, until at length the movement of the blood 
ceases. When a gentle pressure has been applied for a long time, its 
sudden removal is attended by a sudden venous dilatation, which again 
gradually disappears, and, after the lapse of a minute, ceases to be visible. 
Dilatation of the veins may also be observed in forced expiration, while in 
forced inspiration they become emptied. 
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The venous pulse is characterized by a very quick contraction, from 
the centre to the periphery, of the part of the vein lying on the plane 
of the optic disk, synchronous with the systole of the heart j and by a 
dilatation proceeding in the opposite directiouj synchronous with the 
diastole of the heart. 

The contraction of the vein, to the extent of one-fourth or one-third 
of its transverse measurement^ occurs rapidly^ the dilatation slowly ; and 
the period of rest coincides with the time of greatest dilatation* The 
pulsation is not regular, but will often go on continuously for from three 
to five minutes, and then for fifteen minutes may wholly disappear. 

It is observed by Jaeger that the appearance of the venous pulse is 
essentially altered, according as the plane of movement of the pulsating 
portion of the vessel may be parallel, or perpendicular, to the surface of 
the optic disk. In the fir.st case the curvature of the whole vein remains 
undisturbed ; and its outer side approaches to, and recedes from, the other. 
The moving portion does not approach the other, during the systole, 
simultaneously in its whole extent, but in a direction from the centre of 
the nerve towards the periphery, the vein then, for a moment, appearing 
uniformly narrowed* In the diastole the pulsating side of the vessel 
recedes from the other in a direction from the periphery towards the 
centre, and the vein for a short time appears uniformly broad. The 
pulsating portion is of the same or a somewhat darker colour than the rest 
of the vein, and shows no change of tint during the impulses. In the 
second form of venous pulse there is no change in the breadth of the 
pulsating portion ; but the anterior wall approaches and recedes from the 
posterior in a manner chiefly to be recognized by change of colour. The 
vein, during the diastole, assumes an uniform dark aspect in its whole 
extent, and this changes, in the pulsating part, during the systole, to a 
lighter red ; as if, during the narrowing of the vessel, the lighter colour 
passed quickly from the point of emergence towards the branches, and 
during the dilatation, back again from the latter to the former. 

Among the appearances presented by the veins, Jaeger makes men* 
tion of a blood stasis. This is only seen immediately within the angular 
curvature of a vein at its point of entrance at the centre of the optic 
nerve; and appears as an oscillating cone of blood, by which the vessel 
inclosing it is considerably dilated, and rendered dark-coloured, as also 
happens in common venous pulsation. The movement inwards is synchronous 
with the diastole, the movement outwards with the systole of the arteries. 

The arterial pulse, in healthy eyes, can only be produced artificially, 

by compression ; and, indeed, by steadily increasing compression. In very 

' strong pressure it appears as a jerking movement, which extends to all 

the chief branches of the arteries, and sometimes over the boundary of 

the papilla. In the strongest pressure it wholly disappears. 
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The arterial pulse is characterized by an uniform pulsatile dilatation 
of the part« of the arteries lying on the plane of the nerve-surface, 
eynchrouous with the systole of the heart. 

There is in the arterial pulse no visible curvature of the vesselSj but 
a simultaneous suddeu dilatation of all the pulsating portions, to the extent 
of about one-third their transverse measuremeuta. The dilatation happens 
quickly^ the contraction slowly^ aud the period of rest occurs at the time 
of greatest dilatation. At the same time the veins, so far as they He 
upon the nerve, are either wholly compressed, or else they exhibit at its 
margin an effort at venous pulse, in which, naturally, the distention of 
the artery coincides with the collapse of the vein. 

The nerve-entrance and its vessels iu the lower animals have been 
examined by van Trigt, and show many peculiarities ; so that it is often 
possible, by a glance at the vascular distribution upon the optic disk, to 
determine the species to which the beast belongs. According to van 
Trigt^ the tapctum appears as a greenish metallic glistening surface, marked 
with blue aud gold-coloured spots and clouds, passing over, through 
different tints of blue and purple, to the dark pigment of the choroid, 
which is, during life, of a brownish red* 

" At the lower edge of this strongly reflecting surface the entrance of 
the optic nerve appears as a peculiarly luminous disk, of a clear yellow 
colour, and surrounded by a purple pigment margin* In dogs and cats 
it presents also a dimple, which again in cats is surrounded by other 
smaller ones. From the optic nerve emerge the twigs of the arteria 
centralis, and in cats these emerge at the periphery and curve round the 
outer margin of the nerve, so as to surround it with a corona. 

"In dogs, a large number of small arteries come into view at the 
periphery of the nerve ; and some larger veins, that are sometimes united 
into a complete ring by anastomosis, and that penetrate into the depth of 
the nerve towards the centre. The dark red vessels are very beautifully 
aud clearly seen upon the golden-green ground, so that the smallest of 
them, and under favourable circumstances even the capillary vessels, arc 
visible. In dogs and cats the vessels of the choroid, in the depth of that 
membrane, may be seen in those parts not covered by tapctum. 

"In common rabbits, which have no tapetum, and eyes rich in pigment, 
the field of vision is much less strongly illuminated* In them the entrance 
of the nerve appears white, and as though phosphorescent, and from it 
proceed, to the right and left, bundles of white strongly reflecting 
fibres, that at first lie closely together^ but presently diverge, and become 
very conspicuous upon the subjacent dark brown pigment. The central 
arteries, which are visible to some depth iu the nerve, divide also into 
two bundles, which accompany the above-mentioned fibres, and lie, some- 
times much interlaced, upon their surface. 
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'' The entrance of the optic nerve is commonly found a little within or 
in front of the vertical meridian of the fundus, and at the upper boundary 
of the field of ophthalmoscopic vision. It exhibits at its centre a funnel- 
shaped or navel-like depression; and, from its circular white disk, fibres of 
a satin-like lustre radiate in all directions, but chiefly in two lateral 
btiudles. The parts to which these bundles proceed are of most striking 
aspect ; since the radiation in other directions resembles only a small 
shining circlet, that surrounds the optic disk, and is soon lost in the red 
colour of the background* 

" In white rabbits, in which abundant light is reflected from the cho- 
roidal vessels and the sclerotic^ and much light also penetrates the sclerotic 
from without, the choroidal vessels are very clearly apparent. In looking 
directly backwards, they appear as closely packed, parallel, light red, 
scarcely branching lines, that traverse the dead white sclerotic from the peri- 
phery to the centre. By looking into the eye from one aide, these lines, 
radiating from a point, may be recognized as venae vorticosae. Here and 
there will be visible between them a dull grey mark (according to 
Liebreich, the point at which a choroidal vessel penetrates the sclerotic). 

"In an owl, after the instillation of atropine, the whole fundus 
appeared pale green, moderately reflecting, with fine, closely-packed 
yellowish-red vessels, ramifying irregularly over it. But most conspicuous 
was the pecten, peculiar to the eyes of birds, and appearing as a movable, 
wave-shaped prominence. This organ, whose nature and purpose is little 
understood, is studded with dark pigment, and may be seen to extend 
forwards from the deeper parts of the eye towards the lensj and, in good 
illumination, to possess fine transparent blood-vessels. Of the optic disk 
there was only visible a small, dead white, sharply-defined portion, behind 
the margin of the pecien; and the ve&sels of the disk were not visible/^ 
{See van Trigt's Dissertation, translated into German by Schauenburg, 
pp. 40—42.) 

In the eye of a dog, van Trigt observed a venous pulse of this kind ; 
that all the anastomosing vessels, already described as uniting into a ring, 
more or less perfect, from time to time became suddenly pale and wholly 
invisible, without the phenomenon being associated with any movement 
of the globe, or any perceptible effort whatever. 

In the eyes of oxen, IL Miiller found a whitish peg-like projection, 
coming into the vitreous body from the entrance of the nerve, and sending 
forwards a thread-shaped prolongation towards the lens. This, according 
to Miiller, is a vestige of the artery of the capsule, that onoe passed 
through the hyaloid canal. In ophthalmoscopic examination, this 
structure appears as a more or less white streak; and it may also be 
easily perceived by making a section of the eye. 
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n. THE BETmA AKD MACULA LUTEA. 

That the retina exercises an influence upon the colour of the fundus 
oculi has been generally acknowledged, since the admirable researchea of 
Professor Coccius, These researches proved the retina not to be trans- 
parent, but only in a high degree translucent, and taught also the 
different conditions under which it may become visible. The pigmenta- 
tion of the choroid is what chiefly determines the visibility of the retina ; 
and the less is its decree, so much the more red will be the fundus^ 
and so much the less will the retina be appai*ent* It certainly will 
somewhat damp the subjacent colour ; but, when itself bright and clear, 
this effect will be but trifling. But the richer the choroid is in 
pigment, so much the more plainly the retina will appear as a light 
grey membrane. It is seen most clearly in persons with dark pigment, 
as a bluish film over a dark reddish-brown ground. To illustrate this 
by an example, Coccius says, — " If moistened tissue-paper be placed upon 
a red, and also upon a brown ground, side by side, and compared, the 
incomplete transparency of the covering will be more apparent upon the 
latter than upon the former/^ The transparency of the retina is also 
modified by differences in its structure dependent upon age and con- 
stitution, and Coccius has found that in delicate or young persons^ it is 
more transparent than in robust and old ones, with irides of the same 
colour. Moreover, in judging of tbe state of the retina, optical differencea 
must be taken into account. The more brilliant the illumination, the 
more visible will be the proper colour and incomplete transparency of 
the retina, especially in eyes rich in pigment; but even in eyes that are 
less rich there may be seen (in the inverted image) fine bright fibres 
that radiate from the nerve-entrance to the periphery, and there 
disappear; being especially visible where they cross the retinal vessels, 
and have them for a background. Lastly, it may be observed that the 
retina is more transparent at its periphery than in the neiglibourhood of 
the nerve-entrance, where its fibrous texture is most dense. 

The vessels of the retina are but the continuation of those that issue 
from the optic papilla. Towards the periphery they diminish regularly 
in size, and form an extremely characteristic ramification, that affords, 
especially by its contrast to the peculiar vascular system of the choroid, 
where this is visible, a definite standard by which to estimate the seat 
and extent of material changes in the fundus of the eye. The branches 
of the retinal vessels can be followed to an extreme fineness, and especially 
those of the darker coloured veins; but the small twigs ultimately 
disappear against the yellowish-red background* They become clearlj 
visible, however, if there be a deficiency of choroidal pigment, or in the 
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presence of light-coloured sub-retinal exudation ; and they might then easily 
lead to the idea of an anomalous vascular development. The proper 
capillaries of the retinal vessels form a moderately wide network, and 
cannot, of course, be seen in the healthy eye with any degree of 
magnifying power that is attainable with the ophthalmoscope. In 
abnormal vascular development, it is possible that they may be perceived 
in the aggregate, by increased redness of the fundus. 

Of the layers of the retina there is only one, the layer of nerve-fibres 
of Liebreicb, that can be separately recognized. It appears to produce, 
almost alone, the small share of the retina in the image of the back- 
ground of the eye; namely, the already-mentioned greyish film that, 
especially in dark eyes, appears to rest upon the surface, and that, in 
young persons, possesses a somewhat fatty lustre. From the peculiar 
relation of this film to the retinal vessels, and from its total absence in 
the neighbourhood of the macula lutea, Liebreicb traces its source to 
the nerve-fibres, in their gradual distribution over the periphery. In the 
erect image, no sufficient general view^ of the film can be obtained ; but 
the single bundles of fibres are discernible as fine interwoven lines, having 
generally a radiating arrangement. 

Senile Changes, — "These affect chiefly the interfibriLlar connecting 
tissue. The radiating fibres become turbid from molecular detritus, and 
give to the retina, when viewed from before, a marbled appearance, that 
is especially visible in the dead subject. Moreover it is usual to find, in 
the greyheaded, scattered, strongly-refracting, globular glass-like par- 
ticles, which are sometimes present in such abundance that the retina 
appears spotted over with white. The membrana liraitans retinae is also, 
as a rule, rendered turbid by the deposit of organic molecular masses, 
often collected into figures of various outline. Atheroma of the vessels is 



occasionally discovered." — Stellwag. 
Histologie,'* &c.) 



(See also von Wedl, " Atlas der path. 



THE MACULA LUTEA. 

In order to see this clearly, it is necessary to use a plane mirror, with 
a concave leus behind it (Helmholtz^s, Coccius^s, or the instrument of 
Epkens & Bonders) . As an object of vision, the flame itself may be used, 
or the micrometer of Donders's ophthalmoscope. The observed eye sees 
the selected object reflected in the mirror, and the patient is directed to 
accommodate for this mirror image, and to fix his gaze steadily upon some 
particular portion of it. The observer will then see a perfect inverted 
image of the object upon the retina of the eye examined, and the part 
of the object that is specially looked at by the patient will have its image 
upon the fovea centralis. Should this at first be too faint for observation, 
the patient must be directed to move his gaze sometimes to this and some- 
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times to that part of the object^ so that the corresponding small reflection 
of the retinal image may also change its position. For the easier discovery 
of the fovea, Coccius recommends the use, as a guide, of the small image 
of the flame, reflected from the corneal surface of the eye examined. Prom 
this image the fovea will appear but little distant^ either inwards or outwards. 

The macula lutea lies to the outer side of the nerve, at about two 
diameters of its disk distant from it, and somewhat lower in horizontal 
position. It usually differs in no respect from the surrounding retina. 
As already observed, there are in its neighbourhood no large retinal 
vessels; from which cause, as well as from a denser pigment-layer in the 
stroma aud epithelium of the choroid, it often happens that in feeble 
illumination the vicinity of the macula appears somewhat dark, as if 
the fovea were surrounded by a dim circular halo. 

The fovea, described by Bonders as the point of clearest vision, 
appears, according to Helmholtz, as a small bright speck of transversely 
oval form, accordiug to Coccius mostly as a half-moon, or crescent, some- 
times as a small star, rarely as a small aoout-shaped prominence ; according 
to Liebreich as a small briglit point, or as a circle, or as a little hook 
changing its place in the circumfereuce of a circle^ in a single case as a 
luminous tuft, that assumed different degrees of glistening by the use of 
different reflectors. 

According to Liebreich, however, 'Mt is possible to recognize with 
the ophthalmoscope, and to define sharply, not only the fovea centralis, but 
also the yellow-tinted portion of retiua in its neighbourhood, and the part 
that is histologically distinguished from the rest by the absence of a con- 
tinuous stratum of nerve-fibres. By examining in the inverted image the 
darkly pigmented eyes of young people^ and by making slight move- 
ments of the mirror, the film due to the presence of the nerve-fibres may 
be seen to surround a circular, or oval, or somewhat angular spot, against 
which it abruptly terminates. This spot, the horizontal diameter of 
which is somewhat larger than that of the papilla, is lustreless, and the 
choroid behind it contains somewhat more pigment than at other parts. In 
its centre, when the magnifying power is sufficient, may be seen a small 
bright point, — the fovea centralis, aurrouuded by a rust-coloured halo, that 
rapidly diminishes in distinctness towards the periphery, 

*' When the ocular fundus is of brighter colour, the layer of nerve- 
fibres is less distinctly marked, and in older persons it possesses less 
lustre. The clearness with which it defines the dull spot is naturally con- 
siderably diminished, but is never altogether lost. The yellow tint of 
the retina produces, against a dark brownish- red background, a more 
rust-brown halo around the foramen centrale; while the latter, in a 
bright-red ground, appears so red itself as to resemble the result of an 
extravasation. The diameter of the ha!o varies much; from being scarcely 
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visible, it may cover a third of the whole macula lutea i and the yellow 
colour cannot be traced so far with the ophthahiaoscope as in anatomical 
examination of a recently extirpated eye ; or, therefore, over the whole 
extent to winch it exists in the living subject. 

" It is evident, from the foregoing, that the observer who wishes to 
see this stractarci which is not very readily discernible, must, in the first 
instance, be careful to select suitable cases; and, having succeeded with 
them, he will be prepared to succeed under less favourable conditions. It 
is necessary to use the inverted image, and the highest magnifying power 
that 18 attainable/' 

in. THE CHOEOID. 

In examining the fundus oculi with the ophthalmoscope, the red 
colour is the first and most remarkable appearance. This must be ascribed 
to the reflection of red light from the vascular system of the retina and 
choroid ; and especially from the numerous capillaries on the inner side of 
the latter. 

The red colour of the fundus is not always the same, but presents 
iu outline, tint, and brightness, the greatest variations ; caused by the 
manner of illumination, the age of the person examined, the transparency 
of the retina, and, above all, by the pigmentation of the eye. With 
regard to the influence of illumination, it is sufficient to observe that, in 
a strong light, it being supposed that the pigment-layer is not present in its 
highest degree of development, there will be no discoverable difference iu 
tlic brightness of different parts of the fundus ; while, in a weaker light, this 
brightness will diminish from the entrance of the nerve to the margin of 
the retina. The influence of age is seen so far as this, that the red colour 
is generally brighter in young and delicate persons than in the older and 
more robust. The influence of the retina has been already described, and 
there remains to consider only the most important element, the pigmen- 
tation of the eye. 

The most common condition is for the pigment-layer not to form so 
close a covering of brown as would suffice wholly to conceal the vasa 
vorticosa, and, with them, the small quantities of light reflected from the 
deeper parts of the structure, but only to mingle with the red of the sub- 
jacent vessels a tint ranging from greyish-yellow to coffee-brown ; and to 
give, in combination with the fine capillary web, that peculiar granular 
appearance that is especially manifest in the erect image when much 
magnified. 

The fundus appears of a more or less bright red when the pigment 
lies more between the vessels than upon them. When, moreover, it is 
only present in small quantity, red rays are reflected from the capillary net* 

The red is, however, most briUiaat when, as is the case in blonde 
persons, the pigment-layer is very trifling. We may then see *' the fine 
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ciliary arteries enter in the neighbourhood of the macula luteaj ramify ia 
a very winding course, and partly pass on into the more direct vasa 
vorticosa. These latter cau be easily followed, uniting into continually 
larger branches^ until they vanish, as if cut off, in a dark trunk in the 
equatorial plane of the globe. To the same spot converge also from the 
front the anterior, usually finer veins, belonging to the same vortex." 
In rare cases and with greater difficulty it is sometimes possible to trace 
the anterior twigs of the ciliary arteries in their course in front of the veins. 

In contrast to this brilliant red we find a prevailing brown colour of 
the fundus, through which no trace of the choroidal veins can be dis- 
cerned, in cases of especially dark pigment-layer, such as sometimes present 
themselves in persons with deep black hair. The vasa vorticosa may be 
seen clearly, but the meshes of the venous network will be speckled with 
more or less dark, or grey, or sometimes lustrous violet patches, — almost 
constantly in brunettes with blue, very often in brunettes with brown irides. 

Cases moreover occur, in which the choroid is so loaded with dark 
brown or nearly black pigment, that the pupil scarcely becomes luminous 
under the ophthalmoscope, or at least is not red, but of a dull greyish 
lustre. The fundus will then appear not red or reddish«brown, but almost 
black, with a superimposed bluish film, that is occasioned by the retina. 
Liebreich has seen this very strikingly, once in a case of cyanosis bulbi, 
and once in a negro. 

In Liebreich'd Atlas, Plato Xll. Fi^. 3, there is a drawing of one of theBe oases 
of excessive pigmentation, to which the following deacription ib appended : — 

'* Herr S., aged 21 years, had bright chestnut-coloured curly haxr, with Hghi 
eyebrows and eyelashe*, alike on both eddcei. The irifi of his left eye was a bright browu, 
that of the right a very dark brown, so nearly black that it could not be distin- 
giiished from the jiupil without close examination. Around the cornea, at some 
distance from its margin^ the sclerotic was ertndded by groups of dark grey spats, 
parsing into violet. 

" On ophthalmoscopic examination the pupil shone but faintly, and presented a 
tiark red tint. On looking straight into the eye, the rc^dection ilisapjieare*! almoet 
entirely ; and, on looking inwards towards the nerve, it be^^ame faintly whiti«h. On 
examination of the inverted image, the general surface appeared of a dark re<ldi«li- 
brown ; and* with wnlKcient magnifying power* the tine granulation of the choroidal 
epithelium waa «een an a greyish -brown utippHng upon a dark reil surface. In a 
few isojate^l spot« choroidal vcRfiels were faintly visible; but in one of the other 
ca^es (out of a total of tliree mentioned by the author), in which the pigmentation 
wa» »till deeper, no trace of tliem could be perceived, 

♦• Upon this dark background, the retinal veBselu themselTeB appeared much 
darker than UBUal, and reHected little light from their smfaoes. The ppeacnoe of the 
retina, however, was marked hy a blmRh-grey tUm, and a peculiar lustre* that, in 
(tlight movement* of tlic mirror, played over the euHuce around the macuJii lutca. 
The macula it*»ell' appeared almost black* and waK tmrronnded by a vei-y dark reddiah- 
brown halo* due to the yellow tint of ilia retina itsell^ which ^ even on a brighter 
gKmnd, increaseu tlie depth of colour at thiH point. The papilla generally wa« 
neddiah, ite external margin sliarj^ly defined, the veHscls emerging nearly firom tho 
eetiirrv tuid surrounded^ at tiitjir point of exit, by bundles of oloae blacsk lines^ thai 
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covered the central third of the disk, and caused that portion to appeal* black, which 
in a normal eye is the most luminous. At the p^ripheiy also, just within the border 
on the outer side, there was a little pigment, which appeared to be Heated deeply upon 
the lamina cribrosu^ wliile tlie ct^ntnil pig^ment-bundles weix^ distinctly upon the 
surface of the impiUa, and extending on to the nerve -fibres. 

'* I will also mention that the eye» although myopie, po»seBSod good viBion; tmdf 
the other being amblyopic, Uie first only was uaed." 

Isolated black spots, formed by a group of perfectly black epithelial 
cells, may be found in normal eyes, and have no pathological signification, 
Liebreich describes a spot of this kind, in the vicinity of the macula lutea 
of a perfectly healthy eye. It was about the size of the nerve-entrance, 
somewhat angular, perfectly black, and rendered its retinal covering 
apparent as a bluish film. In the neighbourhood of the optic disk, 
Liebreich has also found, instead of the common erescentic line, or small 
pointSj that have their seat in the stroma of the choroid, a perfectly black 
circlet, or a crescent, of the breadtli of the nerve itself, that could be 
positively referred to the epithelial layer. Sometimes, too, there may be 
seen, at the extreme periphery of the ophthalmoscopic image, parallel to 
the ora serrata, and bounded on either side by indented lines, a delicate 
zone of pigment, situated in the epithelium, and causing an otherwise 
bright fundus to appear at that part dark, or even black* 

The cells forming the epithelial layer of the choroid may^ ac- 
cording to Liebreich, be recognized after some practice. When not visible 
over the whole fundus, they will almost always be found over the greater 
portion, and especially near the region of the equator. To obtain the 
necessary magnifying power, the observer must use the inverted image, 
with a weak objective, and comparatively strong ocular lenses. Very dark 
eyes are unsuited for this examination ; since in them not only the state 
of the cells themselves, but the inferior illumination of the ground, and 
tlie comparative conspicuousncss of the retina, exert a disturbing influence, 
Liebreich wisely counsels, however, that an inspection of the pigment-cells, 
when possible, should never be neglected ; since a knowledge of them is 
of high importance in the difierential diagnosis of various morbid changes, 
as well as in determining the precise position of pathological formations in 
the retina and choroid. The pigment -layer, while by its colour, position, 
and relation to neighbouring parts, it forms a cliief object of ophthalmo- 
scopic investigation, and allows this investigation to be conducted with 
great accuracy, is yet an impediment in many respects, and especially so 
to observation of the membrana chorio-capillaris. 

In incompleteness or absence of tlie inner pigment-layer, the larger cho- 
roidal vessels, chiefly seated in the extcrual vascular stratum, are rendered 
visible. They are usually separated by interspaces containing a greater or 
less quantity of pigment-granules ; and, if this pigment be wanting, the 
sclerotic iUelf will be seen. Of these vessels Jaeger gives the following 
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description : — " The choroidal vessels, thus reudered visible, clearly 
aud sharply defined, present an orange-yellow colour, which, however, 
according to the tint and influence of the stroma pigment lying between and 
around them, may pass into a yellowish-red or cinnabar; or, by contrasting 
with or being covered by translucent exudations^ may assume a bright-yellow 
appearance. These vessels are characterized by their position behind those 
of the retina, their direction towards the periphery, their peculiar 
winding course, their frequent divisions and anastomoses, their numerous 
intcrtwinings and consequent disappearances, their breadth, exceeding that 
of the retinal vessels, and by tlie absence of a central bright line with dark 
margins ; so that they present the appearance of ribbon- like bands. The 
absence of a stronger reflection from their middle portions is due to the 
great dispersing power of the membrana chorio-capillaris, as well as of the 
choroidal stroma, in whicli they are imbedded. The vessels constituting 
the external layer of the choroid, and passing into the short ciliary arteries 
and veins, can be followed in their whole course, and Bomctimes to their 
origin. The arteries take the shortest path from the trunks tliat pierce 
the sclerotic, are seen in section as roundish central points, and ^ivc 
out transverse or obliquely-inclined branches. Towards tlie neighbourhood 
of the equator, the veins may be seen passing more or less directly 
towards the vense vorticosje, in which the union of many siuglc radiating 
trunks gives rise to the formation of the welUknown venous star or 
vortex/* 

With regard to the perception of the membrana chorio-capillaris 
{membrana Ruyschiana) in the living subject, — this structure, according to 
Liebreich, exercises only the smallest possible influence upon the colour of 
the fundus, mixing a pale orange with the intense red of the parts lying 
behind it. Even under a high magnifying power, and with the fullest 
ophthalmoscopic illumination, the details of a vascular net so faintly 
coloured can only be seen easily when it rests upon a pure white ground ; 
witli difficulty when the ground is a dull yellowish-red, or brownish-red, as 
in the iutervascular spaces of brighter or darker pigment ; with still more 
difficulty upon tlie shining red of the larger choroidal vessels ; and cannot 
be seen at all when between it and tiic observer is interposed a layer^ 
however thin, of pigment; such, for example, as the inner pigment-layer of 
the choroid. 

In white rabbits, after long and laborious examination, Liebreich was 
able to follow the capillaries of the choroid to their linest ramifleations. 
Complete immobility, intense illumination, high magnifjdng power, and 
entire absence of pigment, were united to facilitate the ophthalmoscopic 
examination. The small trunks of the capillary lav er appeared, as they 
rested upon the larger vessels, as extremely fine, small, red points, from 
which radiated scarcely-coloured prolongations, to form a network, that 
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could be traced over the large vessels and the white intcrvascular spaces. In 
these extremely diffieult csaminationsj Liebreich was also able to watch the 
circulation in the choroidal veins. '^ In a vessel that had been for some 
time iu perfect view, there would be seen a sudden increase of action, the 
blood commeuciQg to pour through it w^ith great rapidity* A short twig, 
serving to unite two contiguous veins, would become pale, and would 
exhibit only a fine red line as an iudication of the channel through which 
red corpuscles had passed ; and, at the same time, a cone of blood would 
be urged, by rythmical pulsations, to enter it at the other end, and would 
eventually succeed ; so that blood would stream forcibly through the short 
branch in a direction opposed to that of its former current ; until, after 
some time, the original conditions would be restored. This sudden 
emptying appears in many parts of the choroid, especially at the spherical 
or pointed origins of the veins; which, from this cause, may appear 
shortened, as I had often observed, even before I saw the circulation. The 
difficulty of this investigation, which, however frequently it may be 
overcome, recurs in every new experiment, depends, I believe, chiefly 
upon two couditions: — First, upon the necessary intensity of the illumina- 
tion, which causes the reflection, from the retiua and the waUs of the 
vessels, of an amount of light that impedes observation (and that should 
be diminished by such an arrangement of the instrument as may rather 
exhibit the vessels by transmitted light) ; and, secondly, that, in conse- 
quence of the clearness with which the vessels are seen in merely 
approximative accommodatiou, the observer has no guide to that accurate 
adjustment of his eye that is necessary in order to observe the circulation." 
Senile Changes, — " These, like similar changes in other parts of 
the body, are developed earlier or later in different persons ; and, at the 
same period of life, may have attained a higher or lower degree of develop- 
ment* The pigment suffers moat remarkably. At various parts of the 
parenchyma, but chiefly upon the surface, it becomes collected together, 
and forms larger or smaller irregular brown or black spots with granular 
margins, which stand in relief upon the background. In most cases, these 
spots are scattered without order, but sometimes they form arborescent 
figures, which accompany the vessels lengthways. The chief part of the 
pigment disappears, and the remainder changes its colour to a light brown, 
tan, rusty yellow, or smutty brownish yellow. It is first lost in the 
immediate neighbourhood of the vessels forming the vortices, and remains 
longer in the intervals between them. When the involution is not very 
far advanced, we see the whole thickness of the choroid occupied by 
arborescent, ramifying, frequently anastomosing, bright, pigmentless streaks, 
that unite into star-like figures, and precisely correspond to the vasa 
vorticosa. In the meshes of this coarse network, the choroid still remains 
somewhat better provided with pigment; and the surface therefore appears 
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covered with spots^ which perfectly coincide in shape with the inte: 
cular spaces^ and which vary in tint, through all shades of browD, to smu 
yellowish grey. In more advanced stages, the pigment disappears from 
the intervals almost entirely; and the choroid, over larger or small 
spaces^ is seen of a dirty greyish white, and so transparent as to displ 
the suhjacent sclerotic* 

"The elastic lamina appears thickened, either in places, or over 
whole surftu^e of the choroid, in such a manner that it is perceptibl 
the naked eye as a distinct pellicle, and can easily be torn away in 1 
shreds. It is usually somewhat turbid, and always dry, hard, and brittle, 
so as readily to split in radii. It frequently displays a cloudy opacitr 
beneath and between the masses of altered pigment, and sometimes fine 
granulations, that are intimately united with its structure. The conjoined 
chario-capillaris and ttmica vasculosa become also drier, harder, and more 
brittle^ and the whole membrane tears easily* In far advanced invo- 
lution, the capillary network partially disappears ; and even the tnmki 
of the tunica vasculosa become partly wasted* More often^ howe 
they are still pervious, but atheromatous and much enlarged 

" The ophthalmoscopic image of the fundus oculi, under sach con 
dilifHifty beoomes essentially modified. It is self-evident that a pre 
ponderating influence must be exerted by the changes in the pigmen 
vliich beoomes more conspicuous against neighbouring parts, and displa; 
its own eokmrs more strongly. In those places, therefore^ where 
pigiitent molecules are altered in their arrangement within the cetls, 
where their relative quantity is much increa^d, the above described 
apols win be cons^picifeotisly visible. 

" The whole fundus will also appear traversed by a network of 
ing and apparaitly interiacing faright streaks^ which acccuately 
with the arrattgenieiit of the Tends of the t. vaseolosa. Within the 
atieaksg the lessels themaelves are sometimes visible. They exactly 
timvwne the axis of a streaky and appear hordefed on hath ^e» by a 
bright firinge. Tbe spaces between the streaks are occupied by sharply* 
iflfiaed hhrkiith hrown or dirty hrownish yellow spota^ upon whidi the 
Oferimpoied retina may be seeOy especially by oUiqoe ittamiiuitioi], as a 
doiidy film ; — mixing more or less greyish white with the spola, and some- 
what altering their tint. At time% the sckreaks and dark interspam 
diiipfrar almoot eutmij, and are replaoed by irregular and badly- 
fcHiMiil pMldwa of white or dirty ydlow, g^^^S ^^ impreanon Ihii tht 
itself is exposed to view. In isolated cases it is pooaihle 
wnfar tha abalki lamtiia^ a|ihecical vacant spaces left by 
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IV, THE SOLEEOTIU. 

Only under the moat favourable circumstances^ as in wliite rabbits^ 
but seldom even in perfectly albinotic men^ is it possible to see through 
the substance of the sclerotic to its posterior surface. As already observed, 
the greyish spots seen in the fundus oculi of a white rabbit, indicate 
the points at which the short ciliary vessels perforate the sclerotic. The 
long ciliary vessels penetrate this tunic very obliquely, and occasion, 
therefore, a marked streak or line iu its substance, before they emerge 
upon its ocular or internal surface. They appear as long brownish red 
stripes, passing from behind forwards on both sides of the globe, and 
continuous with the clearly- seen trunk of the emerging vessel. 

V. THE REFEACTING MEDIA. 

The examination of the refracting media is best conducted by throw- 
ing light into the eye with a plane mirror only. For minute investigations, 
a convex lens may be placed close behind the mirror as a magnifier. 

In general, in normal conditions, the result of the examination is 
simply negative ; but it must be remarked that, sometimes, small particles, 
more or less translucent, ard perceived on the surface of the cornea* 
These arc small scattered particles of mucus, or sometimes slowly- 
ascending air bubbles. In order to remove them, the patient is directed 
to close and reopen the eyelids, or the upper lid is moved over the corneal 
surface ; and in either case, the specks, if not produced by disease of the 
substance of the cornea, will be removed, and disappear. Moreover, prior 
to ophthalmoscopic examiuation, the polish of the cornea should Ije care- 
fully tested by incident Ught, in order that inequalities of surface may 
not be mistaken for wave-lines in the lens, 

A perfectly clear crystalline lens will seldom be found in persons 
somewhat advanced in life ; but it appears that only linear opacities indi- 
cate the commencement of cataract. For exact examination of the lens, 
the use of lateral illumination must never be omitted. 

The vitreous body, like the lens, can only be the object of ophthal- 
moacopic examination in its diseased conditions, in which, however, the 
examiuation is of great importance. Formerly, all the various particles 
floating in the field of vision were classed together under the general name 
of muscse volitantes, and were attributed to the presence of microscopic 
corpuscles. It has now become necessary, however, accurately to dis- 
tinguish mtiscse, properly so called, from floating opacities iu the vitreous 
body. The former are due to the essential microscopic elements of the 
structmre, and are found in the healthy condition ; the latter arc purely 
pathological formations, and th^e only possess a suOicient magnitude to 
be seen by means of the ophthalmoscope. 

1 2 
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In Dr. Heymanii*a description of kis aut-opht]iBliiioKOi>e, he enters into a 
minute account of the appearances visible in hia own eyes. I do not discover that he 
has made out any point of structure not previously doacribed, except that the vessels of the 
retina terminate in a distinct circle of loopa around the yellow spot. With the recently 
acquired facilities for viewing the yellow spot, this fact, if coiifimied by more extended 
observation^ may perhaps l>e made to serve as an ophthalmoscopic test of the eadstenco 
of retinitis, in which an increased vascular development would Ise vety likely to occur. 
Dn Heyrnann also calb attention to the greater transpfirency of the retina in the 
Biune region, shown by the increased visibility of the finely -granular appearance due 
to itie epiHieHal cells of the subjacent choroid. He mentions the effect of changes in 
the quantity of light upon the apparent tint of the fundus, and points out that thia 
tint naturally varies, in accordance with the decreasing thicloiess of the retina towards 
its periphery, and becomes somewhat brighter frctm the optic disk to the margin of the 
field* To this, the colouration of the yellow spot is, of course, an exception. 

Br. Heymann has succeeded in establishing some interesting facts bearing njKiii 
the physiology of the eye ; although, with great modesty, he professes to have done 
but little, in comjmrison with the field that still remains unexplored. He has com- 
menced investigating the movements of the eyeball, and the functions of the retina. 

When the image of the fundus is fairly and steadily in view, it wiU be «een to 
imdergo slight tremulous movements, of which the observer has no consciousness front 
any other sense. In Dr, Heymann '» own eye the movements are hori»outal, and are 
about BA extensive as the diameter of the nerve disk, which, twelve timefi magni&ud, 
measures about 1 centimetre. The reg^nlarity of tlie movements is still a matter of 
uncertainty ; but some experiments made to test it, in inclined jwaitions of the head 
and instrument^ afforded incidental proof (of what is now otherwise well established) 
that the meridians of the eye follow the movements of the head, and do not, an was 
fonnerly supposed, remain stationary. 

Another visible ocular movement is that of accommodation* Br. Heymann was led 
to observe it by seeing that the apparent size of the vessels of his optic (Usk and retina 
frequently changed during an examination. At the beginning, they were usually 
larger than they appearetl after a time. It has still to be determined whether the 
alteration was due to a change in the observed or the observing eye ; or, what is very 
|>ossible, to a change in both. Br. Heymann inclines to attribute it to a change in 
the refraction of the eye observed. 

Movements affecting only a part of the image were Emited to the vessels, and 
were occasioned by the movements of the blood in them. The known phenomena of 
the venous pulse, and of the arterial pulse, produced by pressure, can be observed by 
the aut-ophthabnoacope, with some care about the displacement of the globe, and 
consequent loss of the image, that pressure tends to produce. 

The retinal fimction has been tested both quantitatively and qualitatively* The 
first observations had reference to the extent of the sensitive surface ; the second, to 
the different sensitiveness of different spots. 

The quantitative testing is only practicable with the instnunent of Coccius, and 
shows how far the sensitive portion of the retina encroaches upon the optic disk. 
When the papilla alone is iUuminatetl, the? image of the flame is not visible ; ])ut it 
comes into view as soon as it falls upon a sensitive portion of the surface. Henc♦^ 
by bringing into view tlie margin of the disk, the image of the fiame will apr>caf 
interrupted at tht? ]nAni where the retinjii function ceases. 

ITie quaUtativo t^-sting ha^ Ix^en attempted by casting tJie image of a small objwt 
ujKin different parts of the retina, but there are many difficulties to be overcome Ixifijre 
the results obtained can be coruddered trustworthy. I learn from Dr. Heymann that 
he is pursuing liia inquiries, and tliat he is also seeking to find tlie smallest point uf 
jjerception on the retina, the varieties of illumination in artificial astigmatism, and 
other matters. He informs me, farther, that Pnjfcsstjrs von Grafe, Bonders, Ciicciiis, 
Kjiapp, Rothmund, and othern, are m^ing his instrument to carry out similar observations. 

It is evidtmt, I Uiiidc, that the jiossessor of an aut-ophthalmosoope will be much 
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tempted to subject his own ejes to prolonged exammatioBj, such aa no patient would un- 
dergo at the LandB of a mirgeon* On this account the apparatus is probably a dajigerous 
one. Dr. Heymann sj^eaka of secondary ima^s, colour phantoms on the dazzled por- 
tions of Ma retina, which I ahotild myself prefer not to experience ; and I hear from 
Dr. Giraud-Teulon that he has found it necessary to lay aside his instrument. The 
fundus of one*8 own eye is» beyond all doubt, a highly interesting object ; but the 
evidence now in existence tends to show that natural ctmosity concerning it may be 
gratified at too high a cost. 

It would be of great value to determine, if possible, the degree in which the 
intra-ooular circulation is Uablc to be a^ected by various conditions of the system ; by 
differences in the quantity and quaHty of the blood, ajid by diiferences in ite distri- 
bution OS governed by the nervous system* It is unquestionable that the fundus ocuU 
shares in the general pallor produced by ansBmia, although it is probable that the 
impaired vision of the auj^mic is chiefly due to feeble and imoertain action of the 
cQiary muscle, Dr, Hughlings Jackson has used the ophthalmoscope in brain disease ; 
not only in cases attended by actual amaurosis, but in cases of trifling defects of 
sight ; as, for instance, after a paroxysm of epilepsy ; and once during a paroxysm. 
He has recorded one case in which changes in the optic disk (absolute anaemia) were 
well marked during a fit of epileptiform convulsion s» induced by placing the patient 
erect ; he has also examined the retina in a case of paralysis of the cervical eympa* 
thetic, but did not discover any changes in the circulation. 

Dr. Hughlings Jackson has examined the retina during sleep (atropine bein|> 
used), and has found that, in this condition, the arteries ai'e slightly smaller, and the 
veins a little larger, than at other times. He has also examined the retina in 
tubercular meningitis in chiltlren, and in acute cerebral disease in adults, and 
thinks that the ophthalmoscope will afford considerable information as to tlie 
state of the cerebral vessels in brain disease; and, indeed, that we may, by its help, 
study generally the condition of nerve and blood-vessel in many constitutional diseases. 
For instance, when " head symptoms'* come on in fever, we nmy speak more precisely 
08 to their cau^ if we look at the retinal arteries and veins. We ought, he conceiT^, 
besides paying the utmost attention to the defects of the organ, to take the oppor- 
tunity of studying tissues, as the choroid (the pia raater of the eye), the retina (a 
nerve termination), and an artery and a vein, 8o strangely brought from their long 
concealment by the ophthalmoscop>e. 

Dr. Hughlings Jackson has looked at the retina immediately after slow death, 
and found the disks quite white. l)oth arteries and veins being empty. The same 
comlition was found in the retime of a kitten MDed by a wound of the heart. He has 
Ukewise suggested that the action of poisons on I ilood -vessels may be studied by 
observing their effect on the arteries of the retinae ; and that in the same way we 
may form some idea as to the effect, on the cerebral circulation, of strangulation, 
bkediug, and ligature of tlie vessels of the neck. 

Dr. Hughlings Jackson has described a form of temj^orary failure of sight, 
an epileptiform amaurosis. It sometimes occurs alone, sometimes with slight giddi- 
ness, and sometimes precedes a more or less complete epileptic paroxysm. In none ol' 
these casea has he been able to make an ophtliaimoscopic examination. He imagines 
that when a fit of epilepsy begins by this temjwrary amaiu-osis and giddiness, that the 
cause of the symptoms may be defective circulation (temporary) in the parts supplied 
by the internal carotids only— that is, the anterior parts of the brain- 
Temporary defects of sight, he says, are frecpient in cases of epileptiform convnUdons 
afft'cting one siile of the body, but are due to very diflerent causes. Dr. Hughlings 
Jackson has recorded caaes of temporary coloured vision preceding epilepsy, Tliese 
various conditions, and the possibilitiea of extended utility £:»r the ophthalmoscope 
that they suggest, are certainly worthy of the attention of medical practitioners. 
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SECTION THE FOURTH. 



THE OPHTHALMOSCOPIC APPEARANCES OF DISEASED EYES. 

J. THE OFTia KEUYE A2W ITS VESSELS, 
I. THE OPTIC NEBYE, 

ON account of the intimate connection between the optic nerve and the 
retina, it is not surprising that a great part of the affectioDs of the 
former should extend also to the latter. There are, however, a number of 
changes peculiar to the nerve itself; and their early recognition is 
important, since they are all dangerous to vision* Such early recognition, 
in the living eye, has now been rendered possible by the ophthalmoscope ; 
and the intra-ocular extremity of the nerve may be regarded in some 
degree as a second pupil, brought within reach of observation -, possessing, 
like the opening in the iris, its own proper semiotics, and therefore 
requiring essentially local study. 

Leaving out of consideration the occurrence of small pigment spots, 
small punctiform hasmorrhages, and the exceptional presence, here and 
there, of crystals of cholesteriue npon the papilla, there remain for present 
consideration chiefly changes of level of the nervx entrance, opacity 
of the nerve fibres, and atrophy of the nerve ; while, in the subsequent 
description of other diseased conditions, the nerve-changes associated 
with them will be noticed in their proper places, 

1. IKFIJLMMATIOK OF THE OPTIC NEBTB, 

(LiehrtUh'f^ AtJa^, PL xi., Ftgs, 6 — 9,) 

Optic neuritis, according to Stellwag, occurs chiefly by the extension 
of the inflammatory process from neighbouring parts ; and also, in many 
cases, primarily, in consequence of some traumatic or functional source of 
irritation, either general, such as pyiemia or tuberculosis, or aff'ecting the 
circulation in the ophthalmic artery or vein. It is characterii^ by 
change of colour, opacity, indistinct limitation, great hyperemia and 
ecchymosis of the optic disk, dilatations of the veins, and mistiness, with 
contraction or interruption of the field of vision, "The direct symptoms, 
however, are sometimes entirely wanting, since the neuritis may either be 
limited for a time to the posterior parts of the nerve, or since, when the 
anterior portion is aff^ected, the sympathy of the internal structiires of the 
globe, and the consequent turbidity of the dioptric media, may render 
ophthalmoscopic examination impossible. Even when the neccssaty 
conditions for such an examination are present, the direct symptoms are 
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not always sufficiently clear to afford grounds for a conclusive diagnosis. 
In the leas severe inflammatory processes, with serous infiltration, and 
scanty development of nuclei and cells, the appearance of the nerve 
surface presents little change that can be appreciated by the low magnify* 
ing power afforded by the ophthalmoscope. It will often only appear dis- 
coloured by dirty greyish brown or greyish yellow tints, its choroidal margin 
somewhat indistinct, and the central vessels more or less obscured. 
These alterations may be seen, not nnfrequently, in eyes of normal 
function j and it is therefore only in combination with subjective signs 
that they can aid in the diagnosis of the disease. 

" The ophthalmoscope affords greater certainty of the existence of optic 
neuritis, when the appearances indicated above are associated with veiy 
decided hypera^mia of the papilla, when this appears dotted or streaked 
with blood over its whole extent, the chief nerve fibrils dilated, covered 
with a network of small injected vessels, or surrounded by extravasated 
blood. In occasional cases the inflammation displays itself by a swelling 
of the whole papilla, or by the increased prominence of portions of it, so 
that they appear like hillocks upon the general surface. 

** When neuritis of greater intensity, and occasioning an abundant 
formation of cells and nuclei on the surface of the disk, coincides with 
transparency of the media, its recognition, apart from the elevation of the 
disk, is scarcely more possible. The inflammatory product imparts its 
own peculiar colour and opacity to the nerve surface, the choroidal 
boundary is almost completely concealed, and the central vessels, in places, 
at leajst, are rendered invisible/^ In such cases, the retina will also suffer ; 
as will be more fully considered under the head of Uetinitis. 



2, EXCAVATION OP THE PAPILLA. 

{lA^eich's AiUu^ Ft, xi.. Figs. 1 — 5 mid 10 & 11.) 

One of the great diflBculties of ophthalmoscopy consists in the right 
estimation of elevations and depressions ; and the errors formerly made 
with regard to them, even by distinguished ophthalmoscopists, are very 
easily intelligible. The chief basis of our judgments about small bodies, 
the convergence of the two eyes, is lost in ophthalmoscopic examination ; 
and the guidance afforded by one eye only is, in direct vision, very 
deceptive* 

The conditions in which illusions about this matter originate, and the 
way in which they may be avoided, have been fully explained by A. Weber- 
Independently of the ophthalmoscope, circumstances peculiar to an 
inverted image are sources of error; and Weber found experimentally 
that an impressed seal, or an engraved signet, was deceptive in its appear- 
ance, in consequence of inversion of its shadows, and of the inexact 
accommodation of one eye. 
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The means by whicli these illusions can be avoided in opbtbalmoscopy^ 
and by which a correct estimate of the object can be gained^ arc, for the 
ioverted image^ the following : — a. By the movements in opposite direc* 
tions of two points situated in different planes, when the eye either of the 
observer or the observed changes its position. If the convex lens be 
slightly moved in a direction perpendicular to its axis, the parts lying 
nearest to the observer will appear to move with tlie lens, and the parts 
more remote from him in the opposite direction » For example, if the 
object were an optic nerve, concave on its entire surface, the obsei e er 
would see the yellow ring presently to be described^ with the hook-like 
bending of the vessels at its margin, moving apparently to and fro in front 
of the central disk forming the background* b. By the use of prisms, 
which, according to their strength, produce the effect of a degree of ocular 
movement scarcely to be obtained in ophthalmoscopy, c. By causing the 
patient during the examination to accommodate for different distances, or 
by using convex lenses of different powers. The strongest lenses, which 
form near and small images, afford the most correct idea of the conditions* 
rf. By moving the convex lens to and fro, and thus changing the position of 
the inverted image ; so as to determine, by the earlier or later indistinct- 
ness or disappearance of its several parts, what is their relatively elevated 
or depressed position. 

Although, by the above methods, the inverted image will in most 
cases afford perfectly certain conclusions, the question may yet be left 
doubtful, if the differences of position be very small. It is then necessary 
to have recourse to the erect image. The movements described in the 
last paragraph under «, which, in the inverted image, are somewhat 
complicated by the complete inversion of the field, may be distinguished 
in the erect image with far more exactness, both from its simplicity and 
from its greater enlargement. The erect image affords, moreover, two 
other very trustworthy guides for the estimation of elevations and 
depressions. The first is by the use of concave glasses of different powers. 
If a prominence be bo great, that its summit stands in front of the 
plane of the posterior focus of the eye, then, according to the accommo- 
dation of the eye examined, and the refraction of the observer, either a 
very weak concave, or even none at all, will be required for the moat 
elevated portion. On the contrary, if a depression be present, the 
strength of the concave lens must be increased in proportion to the depth 
of the cavity; and it will be easily perceived that this increase, even for 
the smallest changes, will not be inconsiderable, on account of the short 
focal distance of the human eye. The second guide is the direction of the 
shadows, which often affords the most certain information about the 
relative position of parts. 

Lftstly^ according to Forster^ a third guide is afforded in the exami- 
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nation of tlie erect image, under the widest possible dilatation of the pupil, 
by the small vessels that pass from above, from beneath, and from the 
outer side, over the margin of the papilla. '* On account of their fineness, 
they must lie close to the surface of the nerve disk, as they would other- 
wise be concealed, or at least partly obscured ; and it may therefore be 
presumed that their curvatures and changes of position follow those of 
the nerve surface itself* In excavation, these vessels almost always make 
a bend or curve in their passage over the margin of the disk ; or they 
appear, in this situation, to be wholly cut off. If they are observed from 
the side opposite to that on which they cross the nerve margin (as, for 
example, if a vessel crossing the lower margin be looked down upon as 
much as possible from above), the union of the two portions may some- 
times be observed. This would only be possible when they made a curve 
backwards at the point where their continuity seemed interrupted, or 
when they passed over a concave surface. If they ascended a ridge, such 
a method of examination would only conceal the lost portion more 
completely. Moreover, in one fortunately occurring case, in which a 
vessel passed in a horizontal direction over the inner margin of the disk, 
this vessel seemed to lie near the upper margin, when looked down upon 
as much as possible from above ; and near the inferior margin, when 
looked up to as raucli as possible from below. If the optic disk were 
prominent, as from the effect of shadow it often seems to be, the 
reverse of all this would be the case* Further, it may be observed that 
the vessels terminate abruptly on the margin of the disk with a slightly 
convex contour, so that their terminations are of a darker red, and have 
sometimes a short lateral beak-shaped point. The convex contour cor- 
responds to the prominence of the wall of the vessel, produced by the 
strong backward curvature. This curvature also produces the darker 
colour of the part; just as, normally, the central termination of a vein 
appears dark; and as, in retinitis, many of such dark points may some- 
times be seen in one vein. The lateral beak-shaped or hook-like point of 
the apparent termination of the vein is chiefly seen in vessels that pass 
over the margin of the disk, not as radii, but in a somewhat oblique 
direction." 

The signs characteristic of this kind of disease of the nerve are : — 
fl. The colour and shape of the optic disk, — The depression, extending 
often over the whole surface of the disk, yet spreads from the centre, 
and allows itself there by a brighter and more glistening colour against 
the less bright and less glistening periphery. The disease extends on 
all sides, but most rapidly towards the outer; and the inner, or nasal 
side, often appears for a long time normal. The choroidal margin, that 
is commonly only covered by a thin and irregular pigment layer, terminates 
undefinedly towards the scleral margin, and this, two or three times 
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magnifiedj instead of a fine bright line, appears a broad^ often yeUowisli- 
coloured ring, surrounding the whole disk. The proper nerve margin 
shows itself far more clearly than common; the nerve itself appears 
perfectly circular, and its colour, different in different cases, often 
presents a slight admixture of greenish-blue, or blue, with the ordinary 
tint. Towards the periphery this assumes a greyer tone, and at the 
extreme limit appears suddenly darkened. This shading, the sharp 
margin, and perfectly circular form, allow the disk to be recognized as 
cup-shaped at a single glance. 

i. The appearance of the vessels. — When these are followed from the 
periphery towards the centre, they are seen to disappear suddenly at the 
edge of the depression as if cut off, while their apparent terminations 
make a short hook-shaped bend towards the excavation. If their 
continuations be sought, they may be found ; but the part of the vessel 
traversing the disk will not be visibly united to the part traversing 
the retina* 

Partial depressions, holes, are not unfrequently found in the disk, 
and they occupy the whole outer quadrant, or a smaller sector of 
this portion, more frequently than the middle of the papilla. The 
upper and under margins of such defects are rectilinear, and meet in an 
angle at the centre of the nerve disk. The colour of the hollow is always 
brighter than that of the remaining parts of the nerve; the margins, as a 
rule, are sharp* The retinal vessels terminate at the upper and under 
margins, from which they turn away either straight and abruptly, or, as 
is more common, in an oblique directiou. The signification of these 
partial depressions is not yet ascertained ; probably they have no patho- 
logical value ; possibly they may be congenital. 

Pathological Anatomy, — Excavation of the optic nerve forms by far 
the most important of the changes of the surface of the disk — changes 
which have been espedaUy studied by H, Miiller and von Ammon. 

The alterations in the surface of the optic nerves may consist either 
of greater projection (prominence), or in levelling and depression (ex- 
cavation). Increased projection of the disk may depend upon wasting 
of the external layers of the retina, with integrity of the nerve fibres 
forming the papilla, or upon increase in the bulk of the papilla by 
thickening of these fibres, or by infiltration with blood, exudations, 
cretaceous deposits (v. Grafe and v. Ammon), or morbid growths. 

Of the morbid depressions of the nerve, H. Miiller believes it necessary 
to distinguish two varieties : leveUing and depression from atrophy, and 
depression produced by pressure together with atrophy. Von Ammon 
limits the term excavation to the concavity of the degenerated lamina 
cribrosa, and distinguishes excavation of the body of the nerve as central 
wastiiig* 
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As distinguisIiiDg signs between the two forms that he describes, 
Miiller meBtions a considerable diflFerence in the depressions. In pnre 
atrophy, the depth of the floor of the excavation does not sink below the 
level of the choroid ; but in the other form there appears a steep pit^ of much 
greater depth, in which the lamina cribrosa, that in pure atrophy maintains 
its position^ is pushed back more or less considerably, to the extent of 
0^5 millimetre or more, and sometimes appears thickened anteriorly. In the 
second form, atrophy of the nerve is equally present, but the pit will be 
already deep when the degree of atrophy is small; and the latter is 
apparently only a secondary result of different affections of the choroid 
and retina, that assume the form of glaucoma more plainly, the more the 
results of pressure predominate. 

As the principal cause of excavation of the nerve, Miiller assigns 
increased pressure by the vitreous body, without denying that the same 
condition may be occasioned by traction from without, shrinking of 
exudations, and the like. To the latter would belong v. Gi^fe's " amau- 
rosis with excavation of the optic nerve,^' which he regards as a cerebral 
amaurosis, produced, in contrast to pressure, by traction upon the nerve 
trunk from without. With regard to this explanation, von Ammon 
thought it important to note that he always found the vessels of the 
trunk obliterated, by which cause alone a depression of the nerve surface, 
and a concavity of the lamina cribrosa, must be mechanically produced, 

A short notice is required of the condition of the vessels upon the 
excavated papilla, and especially of the fact that the arteries often remain 
normal, when the veins exhibit the appearances already described. 
Forster gives an explanation of this circumstance, based upon anatomical 
differences, and says that the trunk of the arteria centralis retinae first 
divides into its chief branches at the level of the retina. These branches 
remain there, even in retraction of the tissue on which they rest, and 
appear as if strained over the sclerotic opening. The veins, on the con- 
trary, that first unite into one trunk deeper in the nerve, and that usually 
lie behind the arteries^ bend back more readily, curve suddenly round the 
sharp ring, and appear, therefore, S-shaped, or even for a short time pass 
wholly out of sight. They first return to view deeper in the nerve, where 
they approach its axis, since they are then covered by transparent 
substance. If, in a sound eye, the veins had an arrangement resembling 
that of the arteries, — that is, if they united into one trunk upon the level 
of the retina, — they would, if the eye became diseased, still remain visible, 
even if somewhat obscured, in their passage to the centre. But when, in 
the sound eye, many venous branches emerge from the periphery of the 
papilla, and first unite into one trunk deeper in the nerve, we see, in the 
case of excavation, as mmxy interrupted veins as there are branches passing 
over the periphery. The arteries also would show similar modifications. 
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accordiDg to tbe manner of their distribution; and all the diflfercnt 
appearances of the vessels about an excavated papilla may in this way be 
explained. 

In eyes thus diseased, the point of exit of the vessels is commonly 
more internaij nearer the centre of tbe body, than is normally the case. 
Sometimes this point is removed almost to the inner margin of the 
papilla, and is therefore dislocated in the direction of the axis of the optic 
nerve. The reflection of light from a concavity is always on the side 
which the rays strike in a perpendicular direction; and hence the point of 
exit of the vessels is in such cases always the brightest, as well as the 
deepest, portion of the pit. 

Very complete observations upon this subject have been made by 
Ed. Jaeger, — whose results^ differing in some respects from those of others, 
are here subjoined. 

At this point Dr. Zander quotes from Professor E. Jaeger nearly sixty para- 
graphs of extraordinary prolixity and tedionsneas. It would Ix? easy, by the inero 
onuMion of repetitioiis and superfiuotis words, to condense them to h^ their bulk in 
translation, but even then they would be intolerable. I have determined, therefore, 
to snbtftitnte a brief Bummary of their contents : — 

Professor E, Jaeger recognises two chief forms of excavation of the optic nerve i 
the congenital, ami the acquired. The former may be real, or apparent, or both 
combined ; and the latter may depend upon atrophy witliout intra-ocular pressure, or 
upon intra-ociilar pressure, with or without atrophy. The la^-montioned variety he 
designates ** glaucomatous." 

*• 1, Congenital eicavatioui?, which, in the eyes of new-boni infanta, are as clearly 
marked, and proixirtiouately as extensive, us in adults, exhibit very conmderable 
diffdrencoe of general appearance, as well as of depth and superficies. Some of them 
we so slight a« to W (Mflicult of detection ; and, if tlieae lie minutely searched for, 
there are but few eyes in which they may not bo found. In other cases, the depression 
IB more considerable, but it^ gradual formatioTi has allowed the vessela to accommodate 
themselves to it in gentle unilbnn curves, no that they exhibit no guddcn bending by 
which the margin may Ix? defined. Sut-h depressions are only to be recognis&ed by 
the greater brightnesf! of their surface, which increaHCH towards the centre^ by the 
wide flepara.tion of the curvatures of the vessels, and by tbe greater depth of their 
union in the nerve. 

** Very frequently, however, iVom the abrupt Banking of their walla, congenital 
excavations exliibit well -defined margins, and appear as ghstening spote upon the 
nerve disk. Such spots occur chietly near the centre, and extend usually in a din^ctiaii 
outwards, towards the macula lutea, cither hori/x>ntally or obliquely. They display, 
however, great irregularities, not only of forni and size, but also of depth ; i^ometimea 
only reaching the level of the deeper retinal layers, iometimes extending far into the 
ftclerotio canaL Thedr depth may be ascertained, in examining the direct image, by 
finding what change of accommodation, or of correcting lens, is needed for the floor 
and the aperture rcHpcctively ; and also by looking into them aa obliquely as })0S8ib1e, 
first from one aide and then from the other, and obaerving the apparent overhanging 
of the margin, the changea in the aspect of the vessels, and so foiili. The aperture is 
usually small, often not exceeding the diameter of one of the vessels on the disk. 
More often it covers a fourth, or a third, or even half, of the nerve surlace ; and, in 
very rare cases, it covers nearly the whole. When this occurs, the diagnoeda ^xn 
glaucomatous excavation is rendered veiy difficult, 

** In all deprcflmons of any eactent, whether congenital or acquired, the vessels of 
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the funduB oculi exMbit c-ertain common characteristics, which vaiy with the depth 
of the cavity and the inclination of its walls, and wliich present very numertjus 

ations between cases of extreme depression and the normal state. 

** Let it be supposed that the vessels, traveryiing the plane of the retina, arrive 
suddenly at the shaq^ margin of a pit. In bending over it, they will form curves 
nearly reetangnlflT» and tlie convexities of these curves will prqject beyond the 
margin. The circulation will l>e interrupted, the vessels rendered more full, and 
thereibre larger and more dark-coloured, than in their normal state ; and, if their 
continuations beyond thG margin proeeed directly backwards from the observer, the 
vessels wiQ appear absolutely to terminate, where they Ixjnd, in rounded, slightly- 
jrrojecting exttemities. If their continuations have a alight obUqnity, and come 
partly into vieW| they will seem like Httle beaks or booklets caught round the edge of 
the cavity, ' 

" When the %'essels have completed their course down the mdes of the pit, and 
traverse its floor to reach their jx>int of exit from the globe, they will have resumed 
their original direction, but in a posterior plane. It is manifest, that, unless the 
intermediate portions recede in hues exactly perpendicular, the continuity of the 
vessels will app»ear more or less intemiptcd, and the parte on the nerve disk more 
or less diiiplaeed from those on the retina. The displaoement may be even less than 
half tlie width of each vessel, or it may be so great qa to destroy the possibility of 
determining the retinal branches to which the deeper ones belong. These changes may 
be present in any degree of development, fixim the sHghtest possible S -shaped bend at 
the margin of the cavity. 

" The examination being by the erect image, and the accommodation of the 
observer for the plane of the retina, pai-ts posterior to this plane will be obscure. The 
vessels on the door of a deep cavity will be wholly invisihle. Those of a shallow 
cavity wiU appear of paler colour and hm distinct outline than their retinal portions, 
and will ceaae to return any bright reflection fi-om their centres. By accommodating 
for a greater didtance^ or by using a concave lens of imfficient power, the f^osterior 
parts of the vessels will become clearly visible, and wiU present a normal aspect. 11 
the cavity be abrupt, with perpendicular walls, a concave lens may be found that will 
at once bring its entire floor into view. If it be ftmnel-Bhaped, it may be necessary to 
use a stronger kns for its deepest than for itfi intermediate parts; and in such 
cavities the vessels appear to fade away gradually, instead of passing suddenly out of 
view. Whether the arteries or veins shall first become invisible will depend partly on 
their position and their place of division, partly on their colour. If the chief vein 
trunks divide considerably deeper, and if tiieir branches are deeper and more lateral 
than those of the arteries, then the veins withdraw themselves first from sight. 
If, however, there be no considerable difference in their position, then the hghter 
coloured arteries are the first to become indistinct, in consequence of the recession 
of, and other changes in, the nerve -substance covering them ; and the darker veins 
oiten remain visible as faint, reddish, delicate, obscurely ^defined bands. 

" It is, therefore, generally difficult, in stich cases, to determine which vessels are 
airteries and which veins \ and, since the veins often display a marked pulsation, the 
observer is not only hence more easily deceived, but is also led to an erroneous behef 
that he sees an arterial fmlse. 

" In congenital excavations, the edge of the cavity is usnally decidedly within the 
circumference of the nerve itself, and is therefore surrounded by a circle of nerve 
tissue that retains its proper leveb The cavity itself is usually bright4:'r, more 
diap»hanouSf than normal nerve tissue, and is mostly of a whitish colotir, tempered 
towards its margins by a slight admixture of grey or greyish blue. The isurrounditig 
ring of nerve is usually diirker than natural, f+omewhat reddish, and often, here and 
there, a« deeply coloured au the sun^oonding fundus ; so that the brightness of the 
excavation is enhanced by contrast. The darkest colouring is usually next the 
cavity, and the tint decreases from this to tlie periphery of the nene. By accommo- 
dating for the floor of the cavity, this, from the visibility of the lamina cribrosa, and 
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of tHe terminatioiis of the central nerve tubulesi will appear more or less regularly 
spotted with grey or greyish blue, 

*• The periphery of the nerve, besides displaying a gradual decrease of tint from 
the edge of the cavity, is defined firom the aiirronnding fundus, at least in parts, by a 
more or lesa clear, bright, whitish ring of connecting tissue. The appearance of this 
ring, in the majority of coeeia of congenital excavation, ia an important guide to their 
diagnosis* 

** The apparent congenital excavations are due to increased transparency of the 
cen trill portion of the nerve ddsik, or to prolongation of the sheaths of the nerve 
tubules through the lamina cribrosa, or to other causes that may produce an increified 
reflection from some part of the surface. The effect of an actual cavity is often 
enhanced by couditionji of this kind. 

'* '2, Acquired excavations occnr nsnally with and in consequence of atroph3% or 
with secondary atrophy, of the optic nerve at its place of entrance. The ophthal- 
moscopic aspects of atrojjhy of the nerve are extremely different, according as the 
disease is seated in the retina or in the nerve aJone, and is accompanied or not by 
atrophy of the central vessels, according as it is siniple or degenerative, with or 
without inflammatory phenomena, with or without considerable diminution of the 
circumference of the nerve, with or without curvature of the outline of its sectian, 
with or without bulging of the lamina eribrosa, and so forth. 

" Of theee vanetieB, we may still foUow H. Midler, iu saymg, that two are chiefly 
to bo distinguished : — a, excavations produced by diminution of the aubstonoe of the 
nerve ; h, excavations produced by bulging of the lamina eribrosa, 

"a. In the first variety, the excavation is mostly characteriaied by a shallow, gradual, 
bowl-Bhaped, sinldng of the disk in its whole extent ; and hence the vessels passing 
from the retina to the optic nerve show nu interruption or considerable bending in 
their course. Especially when atrophied themselves, they sink gradually into the 
deeper parte, and show from their odgin an inoreaBing ehojige in their colour and 
their clearness of contour. Only by very exact observation is it possible in individual 
veseels, or rarely in the vessels collectively, to see at the circumference of the nerve a 
slight, gradually occurring displacement of a short portion of the vessel, as a gentle 
double bending. 

** The external contour of the nerve disk remains more or less intact, and finst 
becomes obscured at later periods, or by extension of the disease to neighbouring 
tissue. But above all, especially in central amaurosis, the ring of connecting tiHsue 
around the nerves is rendered sharper and more distinct, especially at its inner 
contour, by the colour-changes in the nervous substance ; and usually remoinB clearly 
visible, at least in pjirts, up to the latest period of the dLsease, if not concealed by 
changes consequent upon inflammatioii or degenerafy. 

" Tlie excavation does not present the whitish -yellow brightly -gligtening colour^ 
and the sharp edges seen in congenital excavations. According to its depth, there 
apijears towards the centre of the disk a dull, veiled, greyish-white opaci^. 
Frequently the nerve texture is darker, and of a bluish -grey tint, which colour m 
clearest at the periphery, especially to the outer aide, and diminishes towards the centre. 

" h* The second form of acquired excavation (glaucomatous excavation}* that 
oceom with or without the coetuneoua or consecutive occurrence of atrophy, is chieDy 
ohameterized by stretching and bending back of the lamina eribrosa, and has a like 
valtie with cetaatas of other ports of the ocular coats. It is, essentially, an ectasia of 
the lamina eribrosa. 

" Iti symptoms are very characteristic, imd difter from those of the other forma. 
The depth of the excavation is UiiuaQy conaidemblf* and often extends far into the 
sclerotic canaL The surface is usually equal to that of the whole disk. The cliief 
mass of the} optic nerve recedes, and leaver its canal more or less free, even to a thin 
layer clotliing the sides. The lateral walls of the excavation sink suddenly from the 
plane of the retina towards the axis, Hence the excavation usually presents sharp 
edges, and ollowg the characteristic effects to be very strikingly perceptible. 
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** It has beeoi abeftdj statcdi that, iu the congenital excavationa» the majrgins are 
usually within the Derve disk, and tliat the bending of the vessels takes place on the 
nerve. In glaucomatouB caees, on the contrary, the aperture of the cavity coineidea 
witli the circumference of the diek, and the bending takotj pUM:e at its margin, TkiB 
appearii to be the most troBtworthy diagnostic sign between the two. 

** The colour of the glaucomatous disk is weake^it at the centre, and inoreases 
quickly in intensity towards the periphery. It reaches to the circumference of the 
nerve, and there ceases with a sharp dark border, or partaally with a nearly black 
line. The colour slightly varies with slight movements of the mirror, and changes in 
iU intensity, especially towards the periphery. Since., moreover, in accommodation 
of the eye of the observer for the plane of the retinal vessels, the optic nerve appears 
in its whole entrance in a high degree diaj^hanous ; in its middle parts niore» and in 
iti* I periphery less luminous, so the entrance obtains a very peculiar, characteristic, 
and in extreme cases deceptively vesicular appearance." 

It is hardly necessary to observe, in conclusion, that the nse of a lanocular 
ophthahnortcope removes nearly aU the difficulties that attend the diagnosis of 
excavations witli monocular instruments* In using the latter, the observer must 
bear in muid the foregoing observations ; but in using the former, he wiU at once see 
a cavity, if a cavity be present* 



3. OFACIT¥ OP THE NKll\^ PUJKiLS. 

(0/ Liiihrmch ; IIyperiroph\f of the Nerve Fibroi of Miilhr ; Nm'v& Eictettswn of 
Ja$^er,) — LiehreiQh^a Ailaa^ Fl, 3di.f Figs. 1^2. 

The parts forming the boundaries of the optic nerve (the choroid 

and sclerotic), and the opaque part of the nerve itself, are not in 

immediate contact with the vitreous body, but are separated from it by 

la transparent layer of nerve tissue, upon the clearness of which depends 

llie possibility of seeing the parts lying behind it^ and of following the 

iTessels that pass through it in a ahoit portion of their course. In 

lexamination of the erect image^ there may be perceived in this tissue a 

fine, irregular, radiating fibrillation, and here and there a single fibril 

reflecting more strongly and almost isolated. 

lu pathological opacity of these fibres, according to Liebreich : — 

L The nerve-entrance appears as a round, uniformly doll disk, with its 
contour softened down and ill defined against the surrounding ground. 
The papilla loses its lustre, its definition, and its shading, the scleral 
margin disappears, the choroidal foramen is less sharp of contour, and 
apparently increased in diameter. This apparent increase depends upon 
the visibility of the boundary of the nerve at the plane of the retina, which 
in normal eyes is scarcely perceptible* The nerve fibrils, immediately 
after passing through the narrow openings in the sclerotic and choroid, 
bend round towards the periphery of the fundus ; and hence the nerve, in 
the plane of the retina, has already attained a marked increase of diameter, 
and its boundary will be a much^ larger circle than that of the choroidal 
opening. 

2. The retinal vessels appear essentially changed. The dark red 
oolour of the fuller and more winding veins, at their entrance into the 
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dull disk of the nerve, is ohscimsd by a light greyish cloud that increase 
ill density towards the centre ; and that, in the passage of the vessels to \ 
greater depth, becomes so considerable^ that parts of them arc wholl 
concealed by the thickening and opacity of the nerve fibres. Before the; 
reach the disk, the vessels sink somewhat in the thickness of the retins 
and rise again in stronger curvatures than usuah As a cause of thj 
coudition^ Liebreich found a remarkable prominence of the whole entranci 
of the nerve. 

Liebreich has also studied another anomaly, to which Virchow firal 
directed attention. In tins the whole transparent portion is not renderec 
opaque, but only a portion of it; and the nerve fibres forming this portioi 
do not assume their dull contour in the neigiibonrhood of the lamitij 
cribrosa, but after leaving it, and after they have already traversed a smal 
portion of the retina. The ophthalmoscope exhibits the individua 
bundles as white, glisteniog, perfectly opaque streaks, that reflect tbi 
light exactly in the same way as the bright streaks that radiate normall^ 
from the papilla of a rabbit. The result is a very peculiar figure, tUn 
either abuts immediately upon the optic nerve, or is a little distaao 
removed from it, and that terminates towards the periphery in one d 
more sharp^ flame-shaped points. When this figure trespasses upon thi 
margin of the papilla, the latter is at that point completely coucealcd^ am 
the otherwise normal vessels are rendered invisible. 

Pathological Anatomy, — According to von Aromon, simple hyper 
trophy of the optic nerves consists of an uniform increase of th< 
parenchyma of the collective neurilemma of the individual fibrils, b; 
which they become thickened, the neck of the nerve shortened in tin 
neighbourhood of the cauda equina, and the lamina cribrosa reud^B 
nodulateiL The vessels disappear, the trunk of the nerve incrdl^H 
laterally in volume, but without displacing its extremity; the scleroti 
increases in thickness in the neighbourhood of its foramen, and in sectiai 
appears unusually hard and very white^ as if its individual fibres wen 
tliickencd. Trite hypertrophy of the optic nerve is attended by no changii 
in its shape. 

In Virchow's case, and also in one subsequently examined bj 
Beckmann^ the microscope showed, as the cause of the opacity, that the 
nerve fibrils, usually in this situation uncovered and translucent, wer^ 
darkly margined, broad, and furnished with a sheath* A longitndiim; 
section of the ocular extremity of the nerve showed it to be in both cyef 
contracted, as usual, at its entrance into the sclerotic canal, but less on the 
right side than on the left. Virchow, however, was able to show tba( 
the sheathed fibres became pale during their passage through the lamini 
cribrosa, that they regained their sheaths in the retina, and that they 
again ultimately became pale. In the retina, the passage of the dark 



UF DISEASED EYES. 



129 



into the pale fibres could be very accunitely tniced. It happened very 
gnidually, the sheath becoming paler juid paler, and being lost to 
sight 80 gradually that it was impossible to define with certainty the 
point at which it ceased. The very clear axial cylinder was continued in 
the same way in the pale as in the sheathed portion of the fibre ; except 
that in the former no divisiou into sheath and axis was diseernible. The 
transformation of the dark fibres into light ones occurred at very different 
distances. Becker, who more recently has had opportunities of examining 
a similar case ophthalmoscopically, believes that this condition, which, 
after Jaeger, he designates extension of the optic nerve, can with the 
greatest probability be regarded as a malformation, and that it is neither 
dependent, therefore, upon any particular construction of the eye, nor 
possesses any influence upon vision. The case described and figured by 
Desmarrea (III, p, 465) as plastic retinal exudation, I conceive to have 
been one of this kind* 



4. ATROPHT OF TUB OPTIC NIEVB. 

(iMibreich*^ Alias, Plate jd., Fi<f8. 8, 9, 10.) 

Atrophy of the optic nerve, by which it is gradually changed into a 
cord of cellular tissue (ligamentous degeneration), is apparently a common 
cause of extreme ambljopia or complete amaurosis. It appears either as 
an independent disease (progressive atrophy) or more often as the last 
phase of many morbid changes, of very various seat and character, 
affecting the globe^ the orbit, the meninges, the cerebrum, the cerebellum, 
the spinal cord, and so forth* 

The characteristic ophthalmoscopic appearances are: — 

!• The Papilla. — This, at the commeucemeut of the disease, is 
bright and sharply defined, the scleral margin somewhat broader and 
clearer than in the normal state, the proper nerve boundary distinct. 
The form differs in different cases ; and is sometimes promiueut from 
exudation deposits, rarely only flattened, frequently excavated. In later 
stages it appears irregular, indented, elliptical, or diminished in diameter. 
The ordinary admixture of reddish grey is superseded by a wlxite, some- 
times bluish colour ; the network of the lamina eribrosa appears thickened ; 
the darker and wrinkled interspaces of its meshes gradually disappear ; 
and the whole surface assumes an uniform tendinous lustre, sometimes 
exhibiting a play of greenish or bluish tints, more often resembling silver 
or mother of pearl. 

With regard to the diminution of the diameter of the papilla, it has 
been very pertinently remarked by Liebreich that different observers have 
chronicled its diminution or its increase, without there being, at present, 
any definite standard for the exact determination of either. Generally, 



130 



THE OPHTHALMOSCOPIC APPEARANCES 



he observes, we include under the term papilla the whole bright disk, to 
its extreme limits upon the fundus (the choroidal margin) ; and if it be 
considered how significant would be the slightest diminution or increase 
of the nerve substance itself, and how many accidental or unimportant 
neighbouring oanditions may produce an apparent diminution or increase 
of the diameter of the whole disk, it must be conceded that our judg- 
ment of the proportionate magnitude of the papilla must be based upon 
other ground:* than these. lu two perfectly normal eyes, in one of which 
the nerve passed through a very narrow clioroidal openingj while in the 
other the choroidal opening was wider than that of the sclerotic, in the 
first the bright line of the scleral foramen would be scarcely visible, while 
in the second it would have such breadth as to increase considerably 
the diameter of the whole disk. The actual diameter of the nerve might 
be exactly the same in both, and the diflerence of tlie ophthalmoscopic 
image would depend wholly upon the choroid. It will, therefore, be 
prudent to follow the counsel of Liebreich, and to estimate the relative 
size of the nerve entirely by the part of the disk that is included withiu 
the proper nerve boundary, 

2. The Vessels* — With the progress of the disease the small arterial 
trunks vanish completely ; and the larger become smaller and paler, and in 
okl cases are converted into fine white lines, without wholly disappearing^ 
The veins undergo the same changes as the arteries, but later in point of 
time ; and, even in advanced cases, are still visible, although somewhat 
less clear and less winding than usual. 

The pathologico-anatomical conditions have been described by 
vou Ammon, 

Atrophy of the optic nerves depends frequently upon fatty degenera- 
tion of the fibrillae and of their neurilemma, or upon defective nutritioa 
caused hy compression' of the capillaries by exudations within the sheath, 
or by their irapermeabiUty from other pathological conditions. In all 
stages of development of the disease, all exudations arc formed within the 
sheath, separating its inner surface from the trunk of the nerve. It is 
remarkable how much the sheath may be dilated by such effusions; and 
how great may be the disprofKirtion between the actual nerve and its 
distended covering. The latter no longer closely envelopes the former, 
hut is widely distant from it, and the ample space between them is filled 
up by eifused fluid. The nerve itself dwindles more and more, and under- 
goes a great variety of modifications* 

Sections of the atrophied nerves, which have always lost their 
rounduesii and become flattened, present many and various changes. 
The external neurilemma is cither dilated or wanting, and there is also 
deficiency of the stroma of the interior neurilemma surrounding the 
iudividual hbrlUie. This may have disappeared either partially or almost 
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entirely ; m that scarcely a trnce can be observed between the closely- 
packed fibrillar, which are commonly tbcmselves thickened. With the 
disappearance of tbe internal neurilemma disappear also nearly all the 
, veescU of the nerve, both central and peripheral ; and only occasionally 
can one be fonnd that still remains permeable* Of such an otiCj the 
calibre is commonly very small and obstructed^ and mostly flattened. 

The occarrence of atrophy of the optk nerves has lately attracted coasiderable 
attention, and has been attributed, in casefl not otherwise acooiinted for, to the 
excessive use of tobacco. Many years ago» by Mackenzie and other writers, a 
so-railed ** UA)Wcco amauroais '* was described ; and, quite rec^'iitly, Mr. Wordsworth 
in this country, and M. Sickel in France, have revived a belief that had. for a tiiue, 
passed oat of view and been lost, so to speak, under the great accumulation of more 
exact pathology, for which we are indebted to the ofjhthalmoscope. 

It is obvious that the question, whether atrophy of the optic nerves can be 
Dnmbered among the injurious effects of tt>bacco, is, on the one hand, of the highest 
poflflible importance to society, and, on the other, is beset on every side with 
difficultiee and sources of error. The nse of tobacco is bo widely spread, or almost 
universal, and its consumption by the young eo plainly upon the increase, that a 
perfect knowledge of its effects, botii noxious and salutary, is necessary to the com- 
prehension of many of the sanitary problems of the day ; while the same facts, that 
render the knowledge desirable, oppose the most formidable obstacles in the way of 
its attainment. The certainty that tobacco, if a chief cause, is yet not the only 
cause, of optic-nerve atrophy ; the certainty that thousands of those who smoke to 
excess do not suffer from the disease, or from any symptom premonitory of it ; and 
the liability, at every stage of the inquiry, to mistake coincidence for causation, all 
these are considerations that should lead to the careful avoidance of any hasty or 
presuniptnouij judgment upon a problem so profoundly difficult. 

Mr, Wordsworth states it to be bis experience that patients suffering from 
optic-nerve atrophy are frequently great smokers ; and Mr. Critchett confirms this 
statement. So far, then, we have the positive testimony of two most trustworthy 
witnesses j and we must consider that their evidence proves the fact to which they 
speak — proves it beyond the possibility of dispute or cavil* These gentlemen are 
Bur^eiins to an eye hospital that receives about l-i.OOO patients yearly ; and it follows 
that their experience is sufficient to establish the general truth of their statement, 
and to eliminate sources of error that might arise from the narrowness of the 
ordinary field of personal observation. I dwell npon this part of the question 
because other writers have disputed the statement for no other reason than because 
their o^vn opportunities have not allowcMl them to confirm it. They put themselves 
in the position of the culprit who, being in danger of conviction from the positive 
evidence of two witneijseij of his crime, sought an acquittal from the negative evidence 
of those who had not witntjssed it. Their testimony is simply irrelevant. If they 
say that they have seen optic-nerve atrophy in non-!tmoVers, no one will be disposed 
to doubt their accuracy. But they stiE leave the indisputable fact, that, ia the 
[.majority of ca«es, the patients smoke largely. 

Mr, Wordsworth and Mr. Critchett go farther ; and express their belief that, in 
vuch ini«tances, the much smoking is the ordinary cause of the atrophy. Here, then, 
they step out of the domain of observed facts, and enter npiin the debateablo ground 
of opinion* 

Before attempting to follow them, it will be worth while to glance at the 

various causes from which optic-nerve atrophy may arise ; aad to see what classes of 

cases must be put on one side in order to leave those in which the influence of t<jbacco 

1 muy pOHsibly be predominant. The known causes may bo arranged, I think, under 

the fallowing heads : — 

e2 
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L Fiiuctional diituae, from dlBorganiztkiion of th^* retina or parts interior I 

to it. 
% Optic Benritis, 

3, Blows and injuries on the head. 

4, Acuto intm-cranial disease, not (lestnictive to life^ and nsnally occttrrmg-l 

SLH a comjilication of typhoid fever, or of some one of the more Beverol 

ejcantheiuala, 
6* Ohrauic intra-cranial disease, affecting the nervous centres ; and often, bat 

not necessarily, associated with paralysis or epilepsy. 
6* Chronic sources of pressure, either cranial, orbital, or intru-oculars benign 

or malignant ; and extremely various in point of nature, locality, tendency^ 

and termination. 

Besides the above, there remain, I thint, cases which cannot be referred to I 
any of them. Faticnta present themselves, ivith com plaints of failing vision ^ in J 
whom the disease has cotiiineneed so insidiously that they are unable to specify the 
time of lis origin ; and who hardly realize their condition, or seek medical assiiistanGe, | 
until it has inmle eoasiderable progress. The earlieat stage that 1 have myself seen * 
watt in a young man of twenty -four, who had not applied previously to any other 
practitioner, and who was able, at the time of his first visit to me, to read No* 12 
of Jaeger's test ty|>e8. He complained simply of increasing dimness, like that of ihe 
approach of dusk, and of want of i»ovTer to define the margins of small objects. Ho 
wail apparently in p:)bust health, and was occupied in riding and driving about as 
traveller for a large llour-mill, but he was in the habit of driuking spirits largdy. 
His eyes were perfectly IVee from pain or inifcation, were of normal contour, tension, 
aud refraction, and he stated that his sight had been very goo^i. His pujiils wen? a 
little larger than the medium size, aud acted sluggishly to light. A weak solution 
of atropine scarcely iuflucuc^Hi them ; but a solution of four groJns to the otinee 
productnl tardy aud imperfect dilatation. The me<lia were perfectly transparent ; 
and the general aspect of the retina and choroid was normal. The optic disks were 
each invade<l by a white patch, covering a segment of about one-eighth of the circle, and 
extending from the centre to the periphery in a direction downwards and inwarda. 
The remaining seven-eights of the circle appeared to me d(?cidedly hypcra^mic ; and, 
in the inverted image, looked as if uniformly coloured by a pink wash, which waa 
resolveil, by higher magnifying powers, into a fine sti|)pliug. The patient remained 
TUider my observation for five or six months, during which time the white patch u8 
spread over nearly half of each nerve disk ; and the vision faded so much that ha 
could with difficulty decipher No. 19 of Jaeger. At the time of seeing him, I was 
not suificiently familiar with the erect image of the several boundaries of the disk to 
express any positive opinion alxiut their state; but the distiuctne^a of tlie general 
outline was not impaired. The patient was a modern te smoker, taking his two or 
three pipes in the evening, and an occasional cigar ilpon his journey a. 

Now this case, which precisely corresjjonds with cjthers that I have first seen at 
a more advanced stage, is a fiiir type of what Mr. Wordsworth describes us tobacco 
amaurosis. Mr. Wordsworth recently declared, at the Hunterian Society, that he 
believed he could, witli the ophthaluioscofje, pick out smokers from non-smokers in 
casM of optic-nerve atrophy. In reply to my inquiry as i*) the general characteristics 
on which he would rest hia diagnosis, Mr. Wordaworth favoured me with a letter, in 
which, after setting forth the difliculty of describing slight differences of colour and 
appearance, hcj proceeds to say, *' I believe that the earliest changes, observed in 
tobacco cases, are those of increased vascularity of part or the whole optic disk. 
AfL<*r an uncertain period, the nerve is very unequally coloured, part being nvcr 
vascular and part anaomic. In several cases that I have seen, this has been very 
palpable, about one-half of each nerve being so changed. In more advanced 8tagi«e, 
the outlines of the disk have been observed to be uiidefincNi, the chnroidal margin 
being bhuTod, and the area of a bluish-grey colour* Lastly, the conditions of 
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wliite atrophy are approached, I eay approached, for I have never seen this 
apfM^antnce bo distinctly marked from ti)bacc<j as from cerebral diseaae. Nor have I 
met with any case that has ended in tokil loss of si^ht ♦ ♦ # . In many 
amukers that I have examinod, I have ahnost invarialjly found the optic dink 
hyjieneniic, even when tliia physiological condition has not prejudiced vision. I am 
now seeing from time to time cases of defective sight that I can find no other cause 
than tobacco smoking to acooniit for ; and I liegin to tliink it much more frequently 
the source of disease than I had expected/* 

In considering whether the conditions last indicated may be sa.fely attributed to 
tobacco, it is evident that the first thing nei.'e8sary is to exclude the six clasBes 
of causes already enumerated. To do this completely, especially with reference to 
classes 5 and 6, would reqiure the highest dei^ree of diagnostic caution, tact, 
and skilly exercised about symptoms with which the most accompliAbed ophtlialmo* 
logist is not necessarily famihar. I am bound to remark that the weak poiirt of 
Mr, Wordsworth's published casee is, as it appears to me, the absence of any evidence 
of the degree of caution proj>er to be observed in this porticnlar. The absence of 
past or present cerebral mischief in the patients seems, judging from the report, 
rather to have been aasnmcd from the absence of prominent symptoms, than 
established by minute and careful scrutiny. I mention tlii,s, because, in the out- 
patient rrx)m of the hospital for the paralysed and epileptic, it would at any time 
be easy to find cases of partial or complete cerebral amaurosis in which the cerebral 
symptoms do not by any means force themselves upon the observer. It may be 
urged, of course, that tobacco may produce cerebral disease, and secondary atrophy, 
and I do not dispute that such a thing is possible. But that is not the pres<.mt question. 
As I understand itr, Wordsworth, and those who think with him, they believe in the 
direct infiiience of tobacco ujwn the optic nerves. 

Having excluded the more evident causes of atrophy, the next question has 
reference to the actna! pathology of the doubtful cases. What is the ** atrophy ** ? 
or, in other words, what is the condition that toV>acco is supposed to frt"oduce P This 
can only be decided by tlie most careftd ophthalmoscopic examination, elucidated by 
equally careful dissections. 

In the cases that I have seen, the original slight hypernemia of the disk, tho 
pallor of a continually increaaing portion, the dwindling of the arteries, and the 
slight dilatation of the veins, have seemed to point to a state analogous to cirrhosis. 
1 have suspected sub -acute infiammation, and seoondai^ contnvction, of the int<»r- 
fibrillar connecting tii*8ue of the nerves. Against this view I may adduce that I 
have never seen sub-retinal serous etfuaion ; and also the opinion of Mr. Critchett, to 
tbe effect that, in many cases, although all mtnlical treatment will be unavailing, yet 
tJhe ahnmirtnm^.ntt of tobacco will atyeM fJw fuiiher prof^rtstt of the dUmtm, I do not 
think that the abandonment of tobacco coald by any possibility arrest post- 
intlammatory contraction, even if it ha^l, in some way not understood, been the 
original cause of the inflammatory mischief. 

1 have adverted at some length to this highly interesting subject., because the 
disease is prominent among the causes that produce blindness in oilultA, and because 
it is, in the present state of knowledge, whoDy incurable. It is most desirablei, 
therefore, that the tobacco hypothesis should be either e^tablishetl or overthrown. If 
csrtalilished, it will not only assist in the prevention of a most distressing calamity, 
but will probably aid in the elucidation of the general effects of the drug upon the 
system* If found erroneous, its overthrow will clear the path for inquiries resting 
Ujion other grounds. In the meanwhile, the materials for judgment can be collected 
by the general practitioner rather than by the specialist, who, as a rule, only sees 
pronounced coses, and only keeps them in view until their ultimate issne is no longer 
iloubtfuh The earlj ojihthalmoscopic examination of smoking boys, and the post- 
mortem preservation of eyes rendered useless by nerve atrophy, are desiderata that 
will be attainable, generally speaking, only by family medical attendants. 

It is very remarkal>le that a condition not very rare in this country should be 
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left unDoticed by Dr. Liebmch. There b no tigaro in bis Atlas that at all represent* 
either the earUer or the final appearances in tbis diaea^^e. Fig. 8, plate xi., wbich \ 
represents tht- invafiion of atrophy in nenriLia optici, is the nearest approach t*> a 
dt^Hneation of the supposed ** tobacco amaurosiB,'* 

5. ABKORMAL msiCRTtON OF THE OPTIC KEHVl. 

The optic nerve has been observed by Desmarres, and in a single 
instance bj von Griife, to enter the eye more or less distant from its] 
natoral position, Tbis^ in a completely normal condition of the other eye^ 
should produce amblyopia and strabismus, to be removed by the use 
of convex glasses for the one affected, 

IL THE VESSELS. 

In the diseases of the vessels, either of the trunk of the optic nei w^^ 
or of its intra-ocular extremity, the lamina cribrosa, the connecting tissue 
and the roembrana limitans suffer from infiltration or exudations. Among 
morbid changes, thus affecting all the elements of a limited space, it is 
often impossible, in the living eye, to distinguish with the ophthalmoscope 
the exact pathological conditions of the several parts ; but a certain series 
of remarkable changes has been observed, among which the following are 
the most important : — 

1* DnJLTATIOK OP TKE TKSSEIA 

18 described by Liebreich under the following forms : — 

a. Turgescence of the Arteries ami Veins. — Considerable expansion 
of the arteries is, in general, easy to recognize; but it is of very rare 
occurrence. Liebreich found it chiefly in artizans working among fires^ 
The veins sometimes show strong pulsatiou, and this, unlike what is seen 
in the normal eye, passes beyond the limits of the nerve disk. In one 
case, Liebreich observed a rythmical movement of the parts of the retina 
lying near the vessels. Much more frequently occurs : — 

6. Turgescence of the Veins unth a Normal Condition of the Arteries, 
*— The veins appear darker, and of an increased diameter; they often 
emerge as thick cords from the centre of the optic nerve, and lose nothing 
of their thickness until they deviate^ more or less suddenly, from a vertical 
to a horizontal directiou. It is also characteristic that they follow a more 
winding course, and seem, "in different parts, to lie in different planes, 
so that in following the course of a vein it may appear, for a short time, 
under the same accommodation, clearly and sharply visible, and uniformly 
coloured, but will soon assume a darker colour, showing that, by a 
characteristic curvature, it has passed into a deeper layer than the plane 
of its former course. It will thus be obscured both in its contour and 
its whole diameter, and, although it may be followed for a time by changed 
accommodation, it soon disappears from sight, more or less completely, 
either not to be seen again, or to become visible at a distance with the 
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same dark cototif and the same fispeet as at the point of disappearance, and 
gradnuUv to regain ila original distinctness. In the farther course of the 
vessel the sarac changes may be twice or thrice repeated." — (Jaeger.) The 
arteries commonly appear smaller and paler than in health. 

2, OBLITEIUTION AND WASTING (IP THK YlIiiSKlJS. 

Obliteration of the vessels is commonly combined with atrophy of the 
optic nerve or of the retina, as a result of numerous diseases, especially 
apoplexy and fatty degeneration of the retina, and retino-choroiditis. Ac- 
corditigto Licbreich, both arteries and veins appear uniformly thinner and 
paler, so that they can scarcely be distinguished from each other by their 
colouring; and, especially on a bright red fundus, arc less conspicuous 
than in the normal state. Their first divisions can therefore be followed 
only with difficulty ; and their finer twigs wholly disappear. Under still 
greater impediments to the circulation, some vessels, most commonly 
arteries, remain entirely empty, and yet do not become invisible, but 
appear as white lines against the red ground, and may be clearly traced 
over the bright surface of the nerve. In the neighbourhood of the papilla, 
they often for a while continue red; and show on both sides a \^hite 
streak, which, after the circulation has wholly ceased, passes iuto the 
broader white line. These changes may be either limited to certain 
vesseh, or to one half of the retina, or may extend over the whole eye; in 
which case the vessels sometimes become no longer discoverable by the 
ophthalmoscope, and the papilla appears as an uniform dull white disk. To 
|uch a condition must be attributed, in all probability, the isolated cases 
in which a complete absence of retinal vessels has been observed, 

3. KMBOUA or THE A£T£]llA CHl^TBAUS BJlTntf^, 

{Lkhrekh*8 Alias, Phtie viil. Figs. 4 & 5.) 

In the case of a man suffering from stenosis of the aortic valves, and 
who became suddenly blind of the right eye, von Grafe found with the 
ophthalmoscope the media transparent, the papilla nervi optici perfectly 
pale, and the vessels traversing it reduced to a minimum* The principal 
arteries appeared, beyond the papilla, as very fine lines, and their branches, 
in like manner, became smaller and smaller; portions that in a normal 
state would be very apparent having completely disappeared. The veins 
exhibited a different condition, being at all parts thinner than usual ; but 
their distension increasing towards the scquator bulbi. In the left eye the 
vessels were perfectly normal, both upon the papilla and upon the retina. 

Two days later von Grafe observed a peculiar kind of circuhition in 
one vein (the largest visible, and having, in the inverted image, a course 
upwards and inwards). There appeared a great inequality in the distri* 
bution of its blood, of such a kind that comparatively full portions 
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alternated with portions that were empty. The attention being steadily 
fixed upon one part of the vessel, an irregtilar movement of its contained 
blood became apparent ; t!ie column being sometimes impelled by starts 
towards the nerve, and then again becoming stationary. In the move- 
mentaj it sometimes happened that the portions empty of blood remained 
as before between the full portions; and that only their respective 
positions on the retina were changed. As a rule, however, the blood was 
driven from the full portions into the empty interspaces, so that the 
difference between the two was diminished, and the interruption of the 
blood-column became less evident. Gradually, however, the blood agaiaJ 
collected itself into determinate portions of the vessel, so that the former 
appearance was restored. The whole shape and course of the vein varied 
during this phenomenon. The appearance was most evident in a part J 
situated about 3'" from the boundary of the papilla, where there was often 
a very sudden propulsion of the blood towards the optic nerve, up to a 
certain Hmifc, beyond which the vessel remained completely or nearly j 
empty* The part of the vein lying on the papilla itself remained, as a 
rule, perfectly empty, unless when a strong impulse drove the blood 
through it completely to its point of exit. By very careful observation, 
the same circulation could be traced to the middle zone of the retina. 

A week later the neighbourhood of the macula lutea was no longer 
normal. The central region of the retina had thrown out a turbid film over 
the subjacent choroid, which 61m increased more and more in thicknesSy j 
and appeared at last as a completely opaque greyish-white infiltration. 1 
The immediate neighbourhood of the foramen centrale appeared, in the 
middle of the infiltration, as an intense cherry-red spot, of about one- 
fourth of the diameter of the papilla. The limit of the diseased and 
degenerated portion of the retina was not defined in all directions, bot 
appeared to fade imperceptibly into the surrounding healthy parts. From 
the neighbourhood of the cherry-red spot that indicated the foramen, the 
infiltration increased in density on all sides, and attained its greatest 
intensity at the margin of an oval figure, the longer horizontal diameter 
of which somewhat overpast the papilla. From this margin the infiltration 
gradually diminished in a direction outwards. The neighbourhood of the 
nerve, on the outer side, was only in a slight degree diseased; and on 
the other side of the papilla, towards the nose, the retina was perfectly , 
normal. In more exact examination the opaque portion appeared dotted 
over with numerous whitish points and granules, which were assumed, 
from analogy, to consist of aggregations of granular cells. 

In another case, observed by Liebreich, of a woman who became 
suddenly blind, the ophthalmoscopic appearances were as follows:-* 
Upon the papilla, that was partially covered by radiating, white, stronglv 
rcrtecting fibres, the arteries ap|>eared perfectly empty, and the veins 
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oeiirlj so. By foHowliig the veins to the pcriplicry, tliey were observcfl 
to increase in thickness, and in their fine divisions to be even more fidl 
than in the normal state, espeeially in the neighbourhood of the macnla 
hi tea, where some venous tvvigs, ordinarily scarcely visible^ appeared very 
thiek and covered by small extravasationsp This condition Licbreich had 
observed before^ as if the macula lutea, under pathological conditions, did 
not remain free from vessels. Near the small extravasations, changes 
were visible in the retinal texture, in the form of small, roundish, milk- 
white spots in the vicinity of the macula lutea. The arteries were empty, 
not only on the papilla, but on the greater part of the surrounding 
fundus, so that it was extremely difficult to distinguish them from tlie red 
background. They were easily discernible only in isolated spots, where 
small portions were still filled by red plugs, that commonly extended a 
short distance into the next ramification. 

In consideration of the rarity of such observations, and their value as 
contributions to general pathology, and pathological physiology, I subjoin 
an account of two other cases of impeded circulation ; the first of which 
was seen by Licbreich, in a case of separation of the choroid and retina 
from the sclerotic, in two large vessels passing horizontally across the 
tumour. " Into these two straight and parallel vessels, the blood was 
seen to flow, sometimes quickly, sometimes slowly, and rarely by jerks. 
In the upper, a vein, the course was from the periphery towards the 
centre, and in the lower, an artery, from the centre towards the pcripliery. 
The movement was recognized by that of the small cylinders of blood 
into which the contents of the vessels were divided, and that were 
separated by interspaces, smaller in the vein, broader and brighter in the 
artery. The appearance could be followed over the whole of the smooth 
anterior surface of the tumour, and even farther, since the retina, 
forsaking this surface, and no longer smoothly stretched, became wrinkled, 
and separated from the choroid by opaque fluid. At this part the vessels 
appeared almost black upon tlie greenish ground, wliile the still visible 
circulation showed that they were not obliterated. The phenomena were 
for a long time visible, but changed from day to day, the artery becoming 
smaller and smaller, its separate blood- cylinders shorter, the interspaces 
larmier, the impulses more slow, until at last it appeared completely empty; 
while in the vein, although the blood-movements were more tardy, and 
the cylinders smaller, the flow yet remained perceptible." 

Ed, Jaeger, also, has observed obstructed circulation in the eye of a 
man 72 years old, the subject of hitmorrhoids ; and has given the 
following description* *' The ocular media were perfectly transparent, the 
retina appeared of a medium yellowish red, without visible morbid 
change. The optic nerve, slightly pigmented at the circumference and 
somewhat yellow- tinted, exhibited slight indications of bluish spots. The 
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vascular system of the retina, generally of small development, exhibited, , 
in the larger trunks more especially, a proportionately small diameter*! 
The correspond ill g large arteries and veins were equal in diameter, and 
alike in their dark red colour. No double contour was apparent, so that^ 
arteries and veins could only be distinguished by their clearly visihief 
respectively centripetal and centrifugal circulation. This had not the 
appearance of a pulsation, aitice the walls, especially of tlie larger vessels, 
remained undisturbed, but it was a movement, slower or quicker, uniform ' 
or interrupted, but not rythmical, of an unequally coloured stream of 
blood. In the larger vessels, the blood stream exhibited, at distances 
of from one-fourth to the whole diameter of the vessels, intervals of 
lighter and darker red colouring; which, however, in the movemeiits| 
of the column, were continually changing, the lighter spaces becoaiing 
smaller and wholly disappearing, to be formed anew elsewhere- The , 
movement of the blood appeared in such places uniform, but extremelr 
sluggish. In the vessels of medium size the movement was quicker, and 
often for a short time pulsatile; the light intervals were of a paler red, and, , 
as well as the dark portions, of a greater comparative length, being from twic 
to four times the diameter of the containing vessel. In the finest tvrigal 
visible upon the optic nerve, the movement of the blood was most rapid,| 
and, at the same time, moat disturbed. The extremely delicate stream | 
of blood w^ould be suddenly interrupted, the dark red part of the blood ' 
would disappear, and the little vessel, scarcely discernible upon its bright J 
background, would seem to have assumed the tint of the optic disk, Then,l 
in interrupted course, a shorter or longer column of blood would piisvj 
through the vessel, followed at greater or less intervals by a larger or 
smaller mass of blood globules, so that the observer almost appeared to 
see single globules, and then suddenly the vessel would be filled in itsl 
whole course with dark red blood, the portions of which seemed ratherl 
to roll through than to flow quietly. This circulation, which in arteries] 
and veins of like calibre was of equal rapidity, diminished by degrees, and I 
remained here and there suspended for longer periods, until, at the end 
of twenty-four hours, it was wholly obstructed* The retina generally had 
then assumed a somewhat darker red ; and the diameter of all the vessels 
was visibly increased. The smallest were distended with blood, unl^9 
when a lighter portion or an interruption of the dark red column iras 
perceptible, and were proportionately the most enlarged. The vessels of 
medium size showed here and there a short break in their colourttig^ { 
to the extent of from half to twice their diameter. The chief trunks wer© 
for a considerable extent nniforraly filled by red blood. On the other 
hand, the more faintly ^coloured portions of the vessels, of equal iutensttj 
of colour to that of the background, were from twice to four times their 
natural diameter. Their walls, which were clearly visible, exhibited no 



di mill tition of calibre. It appeared as if the blood globules had at parts 
crowded tliemsclves more clo^^ely together (the blood dividiug itself into a 
red and into a transparent part), and uniformly filled the vessels. In the 
niediura sized and smallest vessels not the slightest movement was visible 5 
but in tlie larger, by careful attention for one or two minutcsj the lighter 
parts might be seen to diminish and disappear^ at the same time re- 
appearing in another place/' 

i 

In the Arch. f. 0. (B. 8. Abth. 1) two cases of embrilia of the art. c^nt. retiniB 
are recorded, one bj Dr. Blessig of St Petersburg, the other by Dr. 8chnel]er. Both 
patients sutlen-d from diweaiiti of the a4jrtic valves. In Dr, Blessig's ctise, the ai>pear- 
an*:e of cinj>ty iatervuls in the veins was obeerved ; but no in«;»vements are recorded. 
In Dr. Sehiiellcr'a case, the intervak are not mcBtioncd ; and the eymptonis and 
appearance's pointed to the conclusion that the obstruction was only partial. Perception 
of light waH never whoilj destroyed ; aud« after a timep a considerable amount of viidon 
was recovered. 

The pathological conditions actually fonod in the above described 
disorders of the circulation^ afford a brilliant testimony to the accuracy of 
ophthalmoscopic diagnosis. Von Ammoa has repeatedly found dilatation^ 
both of veins and arteries, at the intra-ocular ejttreraity of the optie nerve. 
Such dilatations were either present in distinct spots in the form of 
sacculi, or they extended along an entire branch, — the former chiefly in 
veitiSj the latter in arteries. In the former the substrmce of the vascular 
wall was very thin, but in the dilated arteries there was usually an 
uniform thickening of all the coats. Narrowing of the vessels, even to 
their entire disappearance, was rendered evident by sections. In a medium 
state of contraction, usually produced by compression, the calibre uf the 
divided vessel appeared no longer round, but oblong; and in a more 
advanced stage as a small point, in which a strong magnifier would 
exhibit the compressed and wrinkled wall of the vessel, when no open 
channel was perceptible* Von Ammon also found vessels obstructed by 
coagula, that appeared under the microscope as amorphous granules, 
both at the lamina cribrosa and in the retinal branches, where their pre- 
sence bad been already recorded by Virchow* 

Ischjimia UetiiuC' — Under this name Br. Alfred Grafe has deftcribcd the case of 
a little girl, 5J yeare old, who was found to have become auddenly blind of Ixjth eyee 
on the morning of tlie 9tli of Deceiuljer, I860. She had gone to bed in heoltb on the 
previous evening. 

She was first seen by Br, Grafe on the 15th of December, mx days after the 
eommeneejoent of blin«ines8. She had the aspex't of an amaurotic, and her bHd and 
mueoui4 membranes were very pale, but she pri^st'ntett no othor fiympt<»ma of tli^easo 
of any kind, excepting that her pnlne wan very nmalJ ami rapid, averaging 160 lieate 
per minute. The eyes ahcjwed no sign of intlainmatory irritation ; the conjuctivro of 
tlio globea were of marble |jait*neg#i. and tlm pupils were widely tlilatod, and immove- 
able under the inrt^ene^^ of light. There waa no increase of to nHion. 

Ophtbalmoin'opie exjimination showed the oenlar media to ha perfectly clear. 
The trunk and branches of the art*?ria ceatraliM were dwindled to the mie of hairs. 
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The veins were umiBTially winding, and considerably, Ibut not nniformlj, dleteoded. 
Tn all other resp<?cts tlie appearant^es were nattiral. Perception of lig'ht was totally 
destroyed, and the patient was unconscious of the sun's rays, concentrated upon tba, 
eye by a *2" convex leni?. 

Dr. Griife attributed the rapidity of the pulse to the exciteiaeut of thie child, wa 
there was no other derangement of the heart's action. Digitalis was prescribed, but 
failed to influence the ptilBCj and was abandoned, on account of its producing 
sickness, 

Tlie metliods of treatment nfiually pursued in obscure cases of sudden blindxieaa 
— depletion fipm the templej=<, bliBtt;ring of the neck, irritating foot-baths, large duties 
of calomel, and mercnriBl firictiong — had been apj^Ued without the sUghtest l»enefiU 
Dr, Grafe, however, convinced liimself that an exjierimental application of Heurte- 
loiip'ij leech to 1)4 >th temples protluced no effect, cither on the ophtlialmosoopic inmgc^ 
the general condition of the eye, or the functional disturbance. 

By a process of eicluAion that I need not follow in detail, every sncceasiTa 
conjecture upon the cause of tJie disorder was set aside as untenable, until Dr- Grafs 
felt »mable to arrive at any other conclusion than that some unknown conditiozi of 
intra*c»cnlar djTiamics preventetl the adinisaion of blood. The child had been for ten 
days without perception of light, and Dr. Grafe determined to try the experiment of 
ir)dectf»niy. 

On the 19th of December a broad piec« of iris was removed from the upper pari 
of the right eye, and ptiracenteais of the anterior chamber was performed upi>n tlie 
left. In twenty hours after the operation the pupib acted to light, the difference 
between light and darkness was perceptible, and the movement of a hand Iw^fore tliO 
face was reoogniaed. The vision wan limited to the right eye, and the pupillary^ 
movements of the left were only spnpathetic. On the next day the right eye saw 
linger at two feet distance, and the left bad still no perception of bght. Iridectomy 
woe then f>erfoi-med on the left eye also ; and from that time the two improved day 
by day at an equal raie» FLf\:een dayn af^r the second iridectctniy the child conltj 
count, correctly and eaKily, with the left eye, small dr^ts at a distance of one-hall 
milbrnetre asunder- The ophthalmoscopic image had become completely nortnaU 
Tliree montiis later the child ci>ntinned in poasessiou of perfect vision. 

Dr* Griife thinks the disorder must have licen due to a diminution of the propof 
tension of the arterial walls, and to a failure of the circulation from consec|tie&t 
wasting of the vis a ievQo, 
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HrPERiE.Ai:iA OF THE RETUSTA. 



Tbc duiracteristic indication of Iiypcncraia of the retina is ; — 
Increased vascular develoi>raent and vascular redness in the districi 
of the central vessels. This condition, at the beginning of the affection, 
is often very difficult to determine, the limits between physiological aod 
pathological redness being nndefincd* For example, the degree of redness 
shown by t!ie ophthalmoscope may be perfectly normal in one individual^ 
while in another the same degree only exists in consequence of morbid 
processes. In all cases therefore it is desirable, when possible, to examine 
both eves together; but even this precantion will not always be isufheieut, 
and it may be only after the occurrence of farther changes, or even of 
haemorrhage!*, that the existence of congestion is first recognized. 

The redness, more or less deep, appears either in single places or over 
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the whole field, as ati effect of the development of numerous fine capillaries, 
winding one about another immediately upon the cliief trunks, and 
appearing either as line dots or stippling on the nerve disk (central 
hyperaemia), or spread over the whole fundus (peripheral hypcrajmia). 
The latter appears finely granulated and uniformly red, also in consequence 
of the development of fine capillaries between the retinal vessels, capillaries 
that thickly cover the whole surface with a net or lattice work, and that 
are often aecompanied by small ecchyraoses or reddish patches. 

The arterial or venous character of the disturbance of the circulation 
declares itself, according to Stellwag, with more or less of certainty. 
In hypera^mia of a sthenic character, such as readily follows any actual 
irritation, the congestion occurs chiefly in the arteriesj and commonly 
extends to their finest branchlets. Patches, and even large tracts of the 
fundus, are rendered almost uniformly bright red by a fine and close 
vascular network, that gradually becomes less dense at their margins, and 
is resolved into trunks that are in evident union with the chief branches 
of the arteria centralis. By their bright redness, and by the gradual en- 
largement, at their margins, of the meshes of the vascular net, such hypcr- 
scmic spots are easily distinguished from patches of effused blood that are 
sometimes present, and that are darker and perfectly uniform in colour, 
with margins evidently obscured by reddish or yellowish tints. When, 
on the other hand, the hyperaemia has been caused by venous olistruction, 
the congestion is chiefly evident in the venous trunks, recognizable by 
their dark colour and large calibre. The injected patches already de- 
scribed will be wanting, and the vascular network will remain of its usual 
coarseness. Moreover, in such cases, the congestion is commonly spread 
uniformly over the whole retina, and extravasations of blood arc also 
widely scattered, but maintain each a narrow boundary, so that the 
retina appears tiger striped. Lastly, pulsation of the vessels is often 
visible, 

I introduce here the description of certain morbid appearances in the 
fundus oculi, that, under the name of mechanical hyperiemia, have a wide 
pathological signification. They owe their origin to extra-ocular influences, 
and appear to be usually the result of iutra-cranial processes. Coccius was 
the first to describe disease of the retina consequent upon morbid growths 
(tumours) at the base of the skull. He was followed by Sichel, and 
especially by von Griife and Schneller, who gave the fotlawing account 
of the ophthalmoscopic appearances in extra-ocular amblyopia and 
amaurosis. The first stage visible in diseases of the orbital textures or 
of the brain is that above described (p. 134), as turgescence of the veins 
with a normal condition of the arteries. The retinal vessels are thicker 
than is natural, diminish less quickly towards the periphery, and become 
windiug. The sectional surface of their curves is usually perpendicular 
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to the surface of the retina, seldom oblique, and still more rarely paralleU 
Each primary curvature requires a compensating second curvature ; but 
the first, upon tbc nerve disk, is by far the strongest. The venous pulse 
in absent; the arteries are normal ; and the choroidnl vessels are somewhat 
enlar^jed, winding, and more clearly visible than usual. 

The second stage ia characterised by large retinal veins, curving iu 
prominent bends, and by normally situated retinal arteries; the vcseeU 
appearing dimmed or obscured^ like dark threads seen through tissue 
paper. In the deeper parts of the curves the obscurity is greater j but 
neither in the deepest la3^ers of the retina, nor upon the nerve disk, does 
it ever totally conceal the vessels. The thickening and turbidity are 
chiefly present in the vicinity of the disk, and diminisli circumferentially, 
but extend chiefly in the course of the larger vessels. The neighbourhood 
of the macula lutea appears scarcely turbid ; and at a distance from the 
nerve disk of two and a half times its diameter the cloud markedly 
diminislies. It has a bright greyish colour, and is never so pronounced 
as in Brigbt^s disease affecting the retina, or in retinitis. Tlic second 
stage is further characterised by retinal haemorrhages, both superficial and 
deepseated, and proceeding from larger and amuller veins and capillaries; 
by loss of choroidal pigment and by tumefaction of the membrane, with 
thickening and tortuo.sity of its vessels; by loss of sight that bears no pro- 
portion to the retinal changes; by contraction of the field of vision; and 
by symptoms of brain disease manifested through other organs. In the 
third stage the vessels and the turbidity of the retina remain unaltered, 
except that the arteries appear somewhat smaller; if the pupil had con- 
tracted under light hitherto, that action ceases; the blood effused in the 
second stage is often absorbed, or more frequently becomes a centre 
of fatty degeneration, a manifest step towards farther atrophy of the 
tissues, that declares itself by small, dull-white^ sparsely-scattered patches, 
that SchncUcr, after von Grafe, considers to be portions of modified 
retina. 

In a fourth stage the atrophy proceeds farther, and involves both the 
retina and the choroid. The curves of the retinal veins diminish in length 
and in height, the veins themselves become thinner, and are more difficult 
to folluvir into the deeper layers than in the earlier stages. The arteriea 
are less conspicuous than normally, the retina more opaque, especially 
near the nerve, but less thick than before, and marked by scattered small 
brown spots, the remains of hsemorrhages, as well as occasionally, near 
the larger veins, by yellow patches of fat, ranging from the t-\ze of a lentil 
to that (jf a pea, and also by the white flecks already described. Tlie 
boundaries of the nerve disk are more distinct than at an earlier period, 
but are not perfectly clear. There is seldom any excavation, since the 
atrophy of the choroid depresses the textures surrounding tlic nerve 
almost to the level of the lamina cribrosa. 
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Von Gnife, wlio agrees generally with the foregoing description^ 
found, in the cases that he examined, the papilla very considerably 
altliough irregularly tumefied* It was abruptly elevated on one side, and 
on the other sloped down gradually to the level of the neiglibouritig parts* 
Its naturally transparent substance exhibited a grey turbidity, with a 
strong admixture of red, like that of the surrounding retina, so that the 
choroidal margin of tlic nerve was completely obliterated. The turbidity 
was generally diffuse, and in the erect image had usually a striated 
appearance, following the distribution of the fibrillar. 

Willie von Griife, from these appearaoces, was led to diagnose the 
existence of inflammation of the optic nerve and the surrounding parts 
of the retina, occasioning hypertrophy of the interstitial connecting tissue, 
and degeneration and destruction of the nervous element, he agreeti witli 
Schnellcr in the opinion that the cause of the phenomena was a mechanical 
hypereemia, produced by pressure upon the cavernous sinus, and by the 
consequent obstruction to the circulation in the common outlets of the 
blood. These outlets arc the veins of the orbit and of the floor of tlie 
skull. The central vcius of the retina, and the choroidal veins, discharge 
their blood chiefly by the ophthalmic vein, through the superior orbital 
fissure, into the cavernous sinus, which, after union with the sinus of the 
opposite side, rests upon the body of the sphenoid bone, and terminates 
in the internal jugular vein. A small outlet for the internal ocular veins 
is aftbrded by the v. ophthalmica facialis, which, however, is not sutticient 
for all the blood from the choroid* Obstruction of tlie veins at tlie bj*ck 
of the orbit^ or of the cavernous sinus, or even of the internal jugular^ 
produces, therefore, necessarily, a staguation of blood in the veins of the 
retina and the choroid. The veins of the orbit proceeding from the retina 
and the choroid may most easily be compressed, either close behind the 
eye, or at their passage through the superior orbital fissure, or in their 
course from thence over the base of the skull. Tumours, or inflammatory 
processes with induration, may at these phices very well compress idl the 
veins, and may also disable the optic nerve in its course close to them. 
Obstruction of the more remote veins, as of the sinus caver nosus, may be 
produced by cuagula, meningeal inflammation and its consequences, indura- 
tions, and so forth ; or by tumours of the base of the skull near the superior 
orbital fissure, at the side of the body of the sphenoid bone, or near the upper 
lateral parts of the clivus, as well as by all processes that augment the totui 
bulk of the brain. General hypcj^semia, eflTusions, and so forth, may both 
compress at once the cavernous sinus and its outlets, and may also influence 
the optic nerve lying in the immediate vicinity. It is, therefore, intelligible 
that they should produce the hyperu^uiia of the retina and choroid 
described as occurring in the second stage, and also the turbidity and 
tumefaction of the retina and optic nerve from serous infiltration, an 
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oedema, the result of sim[>le mechanical congestion. Post-mortem ex- 
amination has shown the correctness of the inference, since in von 
(yrafe's cases there were tunioara in the right cerebral hemisphere j while 
the &ame or similar phenomena occurring in connection with other cause^i 
of pressure about the base of the brain, have shown that the combiiiatioQ 
of retinal with cerebral symptoms possesses a not unimportant significance 
in the atudv of nervous diseaaes. 



II. INFLAMMATION OP THE BETINA. 

Every inflammation of the retina, whether primary, or secondary to 
intlamniatiou of contiguous parts, must necessarily disturb the nutrition 
of the membrane, and produce changes in tlie transparcncy, thicknes*, 
and density of its texture, by which an ophthalmotucopic diagno!»is is 
rendered possible. It may readily be inferred, and is confirmed by 
experience, that the chronic forms of retinitis and their results are, almost 
alone, tlie objects of such diagnosis. In the rarely occurring acute in- 
tlammation the ophthalmoscope either alTords no information; or, since 
in the early stages the effused product will consist of a transparent serosity 
that scarcely disperses light, the image of the fundus will be the same as 
in simple hyperemia. 

Since, therefore, the infiammations to be described are chiefly chronic, 
it is not a matter of surprise that the neighbouring membranes should 
more or less participate in the disease j or that their participation, and the 
exudations they afford, should modify the ophthalmoscopic image. 

It is therefore necessary, before entering upon a description of retinal 
inflammation, to refer to certain general considerations with regard — 1st, 
to the different exudations in the retina, their diagnosis, peculiarities, and 
results ; and, Snd, to the influence of the choroid upon the image of the 
retina in diseases. 

Serous Eamdaiion {(Edema of the Retina of Demiarres). — ^The pre- 
sence of serous effusion in the retina and optic nerve has not only been 
suspected on theoretical grounds, but has lately been proved by anatomical 
investigations. Its cxisitencc can, however, only be shown by the ophthal- 
moscope, when the serum is present in suflieient quantity to produce 
separation of the retina. Dcsmarres, who considers retinal ccdema a very 
common disease, easily diagnosiid with the ophthalmoscope, and produced 
by disturbances in the retinal circulation, as chemosis is by disturbances 
in the conjunctival, gives as its symptoms a certain pallor of the fundus, 
together with a bright yellow (according to Schneller, pale green) reflection 
in the neighbourhood of the papilla. If these appearances coincide with 
extreme amblyopia, for which no other peripheral cause is discernible, the 
presence of serous cffuiiion may be suspected. 
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Aljoui tltfOO '^fefm ago, by the kinflness of my then colleagne, Mr. Stepbtm^on, 
my attention was ctdJcd tcj a. young woman under his care, in whom the existence of 
retmal Heroiie eflusion was unt|uestinnahle, although it Iiad not absolutely detached 
any portion of tlie membrane. MutatU mutandis, the appearance wajs like that of 
Blight cheinosis in an amemic auVjject. The patient, a domestic servant, found herself 
nearly blind i»n awaking in the morning, and I saw her a few hours aflerwardi*. The 
treatment, based on the ophthalmoscopic diaguoeis, was foUowod by speedy and com- 
plete recovery. 

ExtTavasations of Blood, — Tliese are chiefly found in the ianer layers 
of the retina, the elements of which they aepamte, but seldom destroy, 
111 many casCvS, they penetrate the loose texture of the membrane, as far 
as tlie granular or even the bacillary layer, or pass between this and the 
choroid. Sch weigher has convinced himself that retinal hEcmorrhages 
have more tendency to penetrate outwards, towards the choroid, tlmn 
inwards, to the vitreous body; and he believes this tendency to rest on the 
anatomical ground, that the arrangement of the basic connecting tissue 
of the retina favours cleavage in a perpcndicuhir direction. Extensive 
separations of the retina are not produced by haemorrhage, apparently 
because bleeding from the fine vessels is not attended by sufficient pressure 
to produce absorption of the vitreous body. Perforation towards within is 
less common than towards without, on account of the stronger formatioa 
of the inner layers, and the greater resistance of the raembrana liuiitaus; 
but such cases do occur, and one published by Esmarch was apparently of 
this kind. Yon Grlife limits the occurrence of retinal perforation from 
choroidal haemorrhage to the anterior portions of the membrane, near to 
the ora serrata. 

According to Schneller, four kinds of blood-spots may be distin- 
guished. First, punctiforra spots, round, ranging from the size of a piu'a 
point to that of a piu^s head, scattered over the retina, chiefly in a zone 
surrounding the optic disk and about twice its diameter, and so superficial 
that they appear to be situated almost io front of the retina. The second 
kind are very narrow, slit-sha[>ed, in the erect image abont 1 — 1 J'" long 
and -iV" broad* The third kind are larger, about V" long, and equally 
broad, or broader ; and irregularly elliptical or semi-elliptical in outline. 
The last kind are large irregular patches, from the size of a split pea nearly 
to that of a silver threepence. They are usually found beside a vein, with 
tlic greater part of the spot on one side of it, and a very small part on 
the other. 

A zone of the retitta, defined by the second and third divisions of the 
veins, appears to be the most frequent seat of haimorrhages. All four 
kinds ai*e sometimes found together in the same eye, and sometimes only 
two of them. The punctiforra haemorrhage is the most rare, the second 
and fourth kinds are the most frequent. 

Ou account of tlieir more or less superficial position in the usually 
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turbtd membrnnej blood-spots aometimes appear to possess some elevation. 
They are known as belonging to the retina by their position near iti 

vessels, and they are diistinguished from dark-brown pigiuent spots by 
their brighter or darker tint of red. 

As to their results, they sometimes disappear almost entirely. The 
first appear fringed or indented at their margins, and gradually break up 
into assemblages of scattered points, that continually assume a darker J 
colour. Finally, they pass through the appearance of a fine shadej as i 
charcoal dust upon paper, into the normal aspect of the retiun. Th 
small spots disappear in the same way as the large, and the tinoe reqnir 
for their absorption is very variable — perhaps about four weeks or more — ^ 
while sometimes new eBfusions are seen near those that are passing away. 
Sometimes the blood-spots undergo changes of colour. These change 
mostly commence in the middle of the spot, which becomes of a brigh 
yellow. In time, this yellow overspreads, and even exceeds, the origin 
territory of the extravasation; and it indicates that the spots eonsi^ 
chiefly of fat. In other cases, the haemorrhagic patches become the seat \ 
dark spots, in the form of larger or smaller islets, that appear to be fortue 
from the remains of incompletely absorbed blood-corpuscles, changed inti 
a kind of black pigment. Lastly, may be observed aometimes the smal^ 
dull, white, scattered patciiea already mentioned, and described by fc 
Grafe and Schueller as portions of indurated retina. 

In pathologico-anatomical observations Virchow found these spob 
precisely analogous to the haimorrhagic points seen in the substance 
the brain, and consisting in the centre entirely of a cohering assembU 
of free blood-corpuscles. "The corpuscles within the mass may be eithti 
completely unchanged, or partly studded with fine granules. In tM 
interior of these red masses, as well as at their circumference, may 
seen fat corpuscles and conglomerate granules, that are either collect 
into firmly- CO he ring masses, or sometimes appear united into a uetifl 
work. The retinal elements themselves, in this condition, appeared either 
wholly unchanged, or the granular layer and the ganglion cells somewha 
opaque — the latter, although not enlarged, presenting a more granuL 
and yellowish aspect than natural ; over which the bacillary layer was no 
easily discerniblep Also, the capillaries of the retinal vessels, whict 
often form an interwoven net, showed changes both in their walls and ill 
their channels; the former, in retained permeability of the vessels, belt 
sometimes thickly set with fat granules, the latter occluded by capillary 
obstructions (embolia)**^ 

Plastic Exudations, — The plastic exudations in the retina are charae* 
terized ophthalmoscopically by the presence of a turbid film, more or les 
uniform according to the amount of effusion, priisenting a whitish- 
greyish-red, or dirty greyish- yellow colour, and chiefly occurring in l| 
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neigliboiirhood of the papilla and of the macula liitea. In parts they may 
appear as granules, greyish- white, whitish-yellow, or reddish- grey, ranging 
from extreme minuteness to the size of a millet-seed or more, sometimes 
scattered, sometimes collected together in groups that coalesce to form 
larger patches. In otlier parts they are seen as white or whiti&h -yellow, or 
dirty greyish-yellow flecks, sometimes glistening with fat^ and having very 
irregular, indistinct, punctated, or indented margins. 

The following indications serve to distinguish between retinal and 
choroidal effusions : — 

For effusions beneath the retina, between it and the choroid, the 
erect image affords, in normal and far-sighted eyes, the best method of 
examination. The choroidal effusions are usually circumscribed, and rarely 
form a continuously extended layer. The uninterrupted continuity of the 
retinal capillaries, which, against the white background, are more clearly 
seen than in the normal eye, is sufficient to show that such effusions are 
sub- retinal, even when they are of considerable extent. The diagnosis is 
frequently confirmed by the presence of pigment spots in the retina, which 
He in the same plane with its vessels, and therefore in front of the effusion. 

The capillaries are also available for the determination of the precise 
position of effusions in the retina itself ; since the vessels are either 
concealed by such effusions, or remain visible in front of them. The cnpil* 
laries require attention in the diagnosis of pigmented effusions and simple 
pigmentation beneath the retina; since pigment is sometimes present in 
the turbid membrane itself. If the masses, in the latter case, appear some- 
what obscured, it may yet be determined, by observation of the vessels 
which pass beneath or through them, that they are actually situated in the 
retina. 

The diagnosis of thin, slightly turbid retinal effusions is often difficult, 
lince they are gradually lost in the healthy portions around. The observer 
must be chiefly guided by the effect of the effusion in damping the red of 
the subjacent choroid. It is easy, however, to mistake the deeper red of 
the parts free from effusion for rust-coloured retinal turbidity ; as the 
retina, in bright illumination, exhibits its own aspect more clearly than is 
usual, and the reddish transpicuity of the choroid is, in many eyes, very 
like the appearance that bright rust-colouration of the retina will produce. 
It is possible, therefore, to err by inverting the conditions actually present, 
and to mistake the turbid spots for intensely illuminated portions of 
healthy retina, and the transparent parts for patches of rusty opacity. The 
opposite error may also be committed : rusty patches being mistaken for 
healthy retina, and the healthy retina adjacent to them for the seat of 
interstitial turbidity. (Coccius,) 

Another error, nguinst which it is necessary to guard, may arise in 
cases iu which considcnible retinal infiltration surrounds a portion, 
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coTUTuouly the neighbourhood of the macula lutea, that retains its Qormalil 
aspect, and tJiat may^ by the comparative intensity of its red, be miitakm 
for a haemorrhagic spot. This appearance, as Liebreich has showu^ 
entirely an effect of contnist. The limited infiltrated region conceab i 
choroidal colour, which, iu the part free from iufiltratiou, retnaiiis cletrif 
apparent. The latter alsso appears absolutely more vivid, since 
pigment near the macula lutea is physiologically more abundant 
elsewhere, and its tint against the turbid white retina is eitr 
conspicuous. 

In anatomical examinations have been found chiefly ^anularj 
of roundish or irregular outline, sometimes with a cell wall and one 
nuclei rendered turbid by fat, and mostly situated iu the granular lnycr^ 
They have been present iu great numbers, partly scattered, partly a«rgtt* 
gated in volumiuoas clusters, an<l are resistent, strongly opalescent bod[ic»,J 
very insensitive to re-agents, and in appearance sometimes irregular, some 
times resembling ganglion cells, |30ssessing a similar contour, witkl 
processes, and containing in the centre a dark opalescent body like 
nucleus. There has also been hypertrophy of the basic connecting tia 
with molecular turbidity and fatty degeneration, such as always att 
saturation of the tissue and separation of its elements by a eoagulabllj 
homogreneous fluid. The nerve elements are often unchanged, 
thickened, fatty, and turbid. 

Purulent Exudaiious.— If ophthalmoscopic examination be possil 
the retina and papilla in their greatest, or even their entire extent, will 
at the commencement appear in a very striking manner discolour 
yellowish -white, turbid, and somewhat hypenemic. Afterwards, tbcfl 
become wholly opaque, of a pus-yellow, dotted by effused blood, 8wolIeii«| 
and oonsidcrably increased in thickness, friable, and partly converted iotM 
a purulent ma^js. The vessels are almost entirely covered by the prodii 
of inflammation, by which many arteries appear to be filled and ewisaj 
distended. In most cases, liowever, these appearances are not visible n 
since it is most usual for tlie ocular media to participate in the disease, anil^ 
for their turbidity to conceal the retina. 

The difference between the aspects of the retinal exudations ii 
heightened by the influence of the choroid, and by the decree of 
visibility between the vessels and the efl^usions. This influence is naturstlf 
increased, when the choroid itself becomes involved, sooner or later, ia^ 
the morbid p^oces^c8» If the retina be rendered turbid by commencing 
effusion, the wliole fundus will appear as if covered by a slight cloud ; and, 
in this condition, the choroid exerts very little influence upon the genenl 
picture, and only shimmers in uncertain colours and outlines through the 
mist. If, in the progress of the disease, or in consequence of fatif i 
degeneration, the retina entirely loses its trans [>arcncy, then the influenctj 
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of the choroid upon the ophthalmoscopic image ceases, Iti cour&e of 
tirne^ and by diminution of the effu&ed matters through ab^orptionj some 
of the affected parts become less dense, are distingnisliable from the rest 
of tlie fyridna by cloudy margins, and allow the structures beliind them to 
become hj degrees more and more apparent. Under such conditions the 
choroid may ajjaiti be seen, and will modity the aspect of the fundus 
materially, being usually itself far advanced in atrophy. Its patches of 
pigmentary debris are distinguished from spots of colourin*^ matter on the 
retina by tlieir more considerable size^ the irregularity of their aspect, and 
especially by the fact that they are often impressed by the outlines of the 
arborescent ramifications of the choi'oidal vessels. Such patches present a 
bluish-grey colour when the debris of pigment are dark brown or black; 
and a dirty greyish-yellow or greyish-brown when the choroid is covered 
by a more scanty pigmentation. Where the choroidal pigment Has 
entirely disappeared, the sclerotic will be secu in its white or whitish- 
yellow colour, and may be confounded with yellow or white effusions j 
but the patches being bounded by scattered puuctiform brown or black 
figures, indicative of atrophied choroid, would allow their true character 
to be determined ; especially when they are partly covered by the portions 
of retina that are still opaque. Moreover^ in the thin crape- like portions 
of retina, clouded or indented patches are still covered by fihunentous 
exudations. These strongly reflect white light, and present a very re- 
markable tendinous lustre, so as to afford a striking contrast to those 
parts of the fundus in which fatty infiltration of the retina is present, 
or in which the atrophied choroid is seen through tlie gauzy retina; or, 
lastly, where the choroid is almost devoid of pigment, and where the 
sclerotic is almost universal ly visible. The sclerotic, in such cases, 
reflects much white light, and presents irregularly-bounded white or 
whitish-grey flecks; but it has not the tendinous lustre of retinal 
effusions, in consequence of being covered by turbid membranes. It is 
always dull and opaque j and plainly displays its deeper position behind 
the remains of the light-reflccting portions of the retina and choroid. 
(Stellwag.) 



L RiTisrrjs simplex. 

The symptoms rendered visible by the ophthalmoscope are chiefly — 
a. Turbidity af the Retina. — In trifling effusions, the appearance of 
turbidity is often only as if the fundus returned less light than usual, or 
as if it were feebly illuminated by the mirror. The colour is duller, fawn- 
tinted yellowish-brown, the choroidal margin of the papilla indistinct, 
the papilla itself turbid. The proof of this condition is sometimes very 
difficult, and only possible in a certain direction of the incident light, and 




150 



THE OPHTHALMOSCOPIC APPKAKANCES 



by exact estimation of the functional disturbance. In higher de 
of eflusion the retina appears as a mure or less nniformly clouded, whttisfat^ 
whitish-yellowj or whitish-grey layer, covering the choroid like a veil, and 
finallv becoming wholly opaque, and uniformly yellowisli-^rey or ilirtyi 
greyish- white. If the eflusiou be irregular, the aspect of the retina will 1 
diversified by spots of different forms, sizes^ and colours* In many ch«ci 
there are only a few larger and smaller spots of translucent grey, of 
opaque dirty greyish -yellow^ scattered over the retina ; and in other ai$e$ 
they especially surround the papilla^ that appears itself as a spot whiternod 
more opaque than the rest. 

b. Aspect of the N€}n;e Di^k.—Thh is characterized partly by 
colouring produced by the already described pathological injection sal 
effusion within its boundary, and partly by alterations of its tnargiD 
With regard to colour, the papilla, especially towarrls its peripheryJ 
assumes a light reddish-yellow ; while in the middle its white tint 
longer preserved. In consequence of a numerous development of cap 
laries, the disk often presents a finely stippled or striped rediipss thj 
gradually acquires a dirty tint. The obscuration of the margin is eqnalljj 
important, and occurs partly through the dense capillary injection thi 
almost always covers some portion, and partly from simple or pig:raentedF' 
opacity of the immediate vicinityj from which causes the shape of the dis 
may appear transversely oval^ or even wholly irregular. 

c» Aspect of the Central Veasds. — These assume in a most strikic 
manner the appearance already described as turgescence of the veins will 
a normal condition of the arteries. 

In many cases the ophthalmoscope will also show associated pheno 
mcua; such as extravasations of blood, either clearly visible around tli 
veins, or deeper and seemingly covered by turbidity ; pulsation of 
central vein ; hypera^mia or inflammation of the choroid with its ooq 
sequences, increased redness, variously coloured spots, destruction 
pigment, pigment masses, sub-retinal ecchymosis, and opacities of 

vitreous bod v. 

■ *■ 

If the disease undergo resolution, the vessels first return to a mc 
normal aspect, the effusions diminish, the texture of the retina brightci] 
its redness and the reflection of its turbidity disappear, the margin of 1 
papilla becomes clear, and the visual power is gradually restored. 

2. RETnilTiS APOrLKCTICA. 
{JAAtreUh*« Atlojt, Pktie viii.) 
As chttracteristica of this disorder, it is necessary to observe : — 
ff. The Entrance of the Optic Nerve, — This loses its defined mi 
and normal outline, and appears as a reddish disk, which often differs 
little from the surrounding fundus, that it can only be recognized m» 
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point of union and origin of the ccntml vessels. The fundus appears diirk 
red, reflecting little light, and showing a delicate spoke-like radiation of 
streaks from the centre towards the periphery. The optic nerve loses its 
transparency, and therefore the vessels cannot be followed into its deeper 
partSj but disappear as soon as they reach the papilla. 

b. The Aspect of the Central Vtssda.—'Yht vessels themselves undergo 
peculiar changes, the veins show the turgescence already described, arc 
irregularly dilated, have sharp spiral curvatures, that lie alternately deeper 
and more superficial; while the parts most enlarged, and nearest the 
surface, show their dark red colour very clearly, and the iutermediate 
part« are concealed. The arteries, on the contrary, deviate in no respect 
from their natural courses, but appear very tliin and pale, so that often it 
is difficult to recognize them on the nerve disk. The chief cause of this 
appearance is — 

c* The Colour of the Retinal Substance ; since this is the only 
condition in which the retina itself becomes actually reddened, on account 
of the effused blood, which, resting between the bundles of nerve- fibres, 
increases the appearance of striation. Liebreich has sometimes had 
opportunities of exhibiting this condition by sections. The fine, red 
striation appears chiefly on the optic nerve, and the neighbouring parts of 
the retina, that have more capillaries than large vessels ; while the blood 
effused along the latter shows itself in larger, roundish, dark red spots, 
that sometimes conceal the veins, and sometimes lie by the side of them, 
which is an important element in the diagtiosis between retinal and 
choroid id lucmorrhage. 

The effusion of blood is rarely so considerable as to make the whole 
retina to its utmost limits appear of one uniform dark red. In more 
cases, especially in aged people, Liebreich found the spots apparently 
large, and so numerous, connected together, and dark, that a small light 
interstice could only here and there be observed, and the trunk of an 
occasional retinal vessel seen with difficulty. Moreover, he states that it 
li only in cases between the most trivial and the most severe, that the 
characterifitic appearance of the vessels, the undefined margin of the disk, 
the peculiar line striation, and the small red spots, can be perceived ;^ — 
these being all intermediate steps in the disease. 

It is interesting to observe with the ophthalmoscope the resolution, 
and the frequently sudden metamorphoses, that occur in this affection. 

The fine red striation first disappears, and the larger red spots lose 
their uniformity, and become marked with brighter yellowish lines and 
dots, which afterwards increa.«!e in clearness and extent, until at last they 
wholly occupy the places of the red. The optic nerve shows a less 
uniform striation, and clear portions with bundles of streaks proceeding 
towards different sides* Soon afterwards the yellow specks themselves 
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dbappeiii-j nnd the nerve again exiiihits a defined margin and visible arterie 
At last, there is only to be observed sli«;lit fulness of the vessels, a peculiuf 
dull white colour of the nerve-disk, and here and there a dai'k blood-sp 
tluit still resists absorption. In other less fortunate cases the orij^ina 
changes may proceed even to carcuiomatons degeneration aod atru|*hyj 
of the retina; — fatty degeaenition of the retina being a very commoaj 
termination. 



3. RETINITIS PIGMUKTOSA, 

(Liebreich*8 Atlas, Plate vi.) 

{PiffmmUimf dn§eneratwn of the retlim ; pujvtvntedt or tiger-strtped^ retitui.} 

The functional derangements attending pigmentary degeneration 
the retina are, according to von Grafe, so characteristic, that, as a rule,! 
the ophthalmoscopic appearances may be predicted with certainty- The 
most marked symptoms are, in tlie first period of the disease, iht 
occurrence of night blindness, and of concentric narrowing of the ficU 
of vision. It is especially remarkable that, while the field of %'ision ia 
contracted, central vision may remain a long time unimpaired, so tha 
persons whose visual field is narrowed to an opening of 10° or 15*^ 
less, may still be able to rend line type. This is of importance in th€ 
differential diagnosis from cerebral amaurosis, in which, as a rule, con^ 
siderable narrowing of the field of sight is attended by marked impairmeui 
of the central vision. lu amaurosis with excavation of the optic nerve 
good central vision is sometimes found together with advanced contractic 
of the field j but the contraction, according to von Grafe, is not ootiJ 
centric, but slit-shaped, with the fixing point of siglit lying near the 
inner margin of the slit. The pigmentary disease is not always hereditary; 
but it is so in many cases, 

Tlie objective signs are as follows: — Between the optic nerve and 
the equator of the eye are seen irregular lines and figures, distinguishable^^ 
by their deep black colour from the choroidal pigment. Their forms am^^ 
very variable and irregular, from simple thin lines to oval spots with 
fine thiu projections, giving the retina a tiger-striped appearance, and 
often so thickly distributed that the wliole fundus appears black. 

Their varying numbers in diflfercnt cases bear little relation to age, 
or to tlie development of the disease, but depend, according to Liebreich, 
upon trivial collateral circumstances, for example, npou the general 
pigmentation of the individual; while their influence upon sight depends 
chiefly upon the extent and the position of the parts of the retina 
involved. In general, the disease is so arranged in concentric circles, 
that either the optic nerve, or the macula lutea, or most frequently a puinti 
near the latter, is their centre. The outer margin is irregular, the innor 
approaches the centre as the disease progresses. 
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In tills disease, Douders observes that the optic nerve appears 
sturtll and irregular, often oval or even triangular, not sliarply defined. 
Tlie vessels appear obscured, and eanuot be deeply followed. As 
the disease procuresses they become narrower, and are at last wholly 
obliterated, so as to resemble yellowish- white strings. In almost all 
cases there occnr choroidal complications, such as thickening of the 
lamina elastica and atrophy of the pigment-layer. 

With regard to the essential character of the disease, Bonders 
believes that it depends upon an idiopathic development of black 
pigment grannies in the retina, but that no precise account of the cause 
or manner of this development can be given. The pigment granules 
are situated chiefly or exclusively upon the vessels ; and, by greater 
HCCumulatioQ about the ramifications and anastomoses, produce the 
appearance of a network of branching corpuscles. Junge, on tlie 
contrary, entertains the opinion^ based upon the dissection of two eyes 
affected by the disease, that a spontaneous development of pigment 
ought not to be assumed. He explained the condition he found (which 
correspoudi'd perfectly with the ordinary conception of the tiger-striped 
retina), in the first case by peculiar changes in the retinal vessels, con- 
sisting of a condensation of their walls, which he described as " vitrifica- 
tion," with subsequent atrophy. In the second case lie regarded the 
retinal changes as results of three different pathological conditions ; — a 
retinitis dependent upon choroiditis, atrophy of the optic nerve, and 
atheroma of the retinal vessels connected with the general vascular 
degeneration. Lastly, Schwcigger, who has also had opportunities of 
dissection in two cases, attributes the disease to an exudation on the 
inner surface of the choroid, with secondary infiltration of the retina, 
atrophy of its proper nerve element, and of the optic nerve. He considers 

■ the presence of pigment to be only accidental; and believes that a 
similar process may be carried on without its formation, and that the 
disease then bears, both in its functional and ophthalmoscopic characters, 
a deceptive resemblance to cerebral amaurosis. 

According to Piiz, the disease is in every case combined with 
atrophy of the retina, that may be recognized at the papilla nervi optici ; 
and he has discovered it, with the ophthalmoscope, in young persons in 
whom there was no retinitis. He has seen it supervene without any of 
the appearances of inflammation ; and thinks it certain that the develop- 
ment of pigment occurs chiefly around the vessels, and without bearing 
the least resemblance to the reddish black spots or flecks of retinal 
atrophy. " The deposits form such a characteristic network, that, as 
Donders observes, anyone who had once seen it clearly with the 

■ ophthalmoscope, would recognize it with certainty in an anatomical 
I preparation. The white patches of atrophy are also wanting, and the 
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chronic course of the affection is so marked that certain subjcctirr*! 
s^^mjitoms (iutra-ocular pressure^ &c.) most be regarded as compHcatiacisI 
of a co-existing irritation or inflammatioiij rather than as causes of the 
principal dij^case. Its course, moreover^ is so gradual that Bonders ha^i 
truly remarked that, in most cases, there is an interval of twenty yeara 
or more between the occurrence of tlie first symptoms and the final 
extinction of sijjht/' 

Stellwag regarded the disorder as only one variety of the many forma 
of chronic inflammation of the retina. 

Liebreich is nf opinion that the suljoct«i of this diaease^ in about half the 
of its o€4!urrGiice, are the offspring of marriages of consanguinity. 



i'. RETIKITIS ALBUMJJStTRICA. 

{Lichrekh's Atlae, Plate ix,, Fi<}B, 1 ^' 2.) 
(Fatty d€gene%*ation ; fittty metamorpho^ia of the retina.) 

The appearances visible with the ophthalmoscope are thus described 
by Liebreich : — 

At the commencement of the disease there is retinal hyperffiraia; the 
veins appear distended and winding; audj according to their deeper or 
more prominent position, will vary in colour and distinctness of outline; 
being now dark red and clearly defined, now concealed by clouded retinal 
tissue. By the escape of blood, partly in fine radiating streaks between 
the nerve-fibres, partly in larger oval or roundish spots, the cloudiness 
rapidly increases, and conceals the thinner and straighter arteries almost 
completely, so that they can only be perceived with difficulty upon the 
dark red ground. The papilla also becomes obscured j deprived of its 
contour and its former characters, and appears of a dull reddish colour, 
striated, and opaque. In different parts of the fundus^ at some distance 
from the nerve, appear single small white points, and larger, oval or 
roundish, bright, milk-white, somewhat elevated patches. 

The appearances now become characteristic of B right's disease* The 
bright spots increase in number and magnitude, and coalesce to form a 
broad band that surrounds the optic nerve. Between the two, remains 
a greyish portion of retina, against which the almost equally grey nerve- 
entrance can scarcely be distinguished* This greyish portion api>ears 
regularly circular, and has a diameter twice or thrice that of the papilla. 
At it» periphery commences the elevated, thick railk-white band of 
granular cells, bounded externally by sharply-defined but irregular longer 
or shorter curves or points, and extended chiefly in the course of the 
krger vessels, so that the breadth of the whole zone diftcrs, at different 
places, from twice to four times the diameter of the nerve-di»k» At 
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length, but Dot always, the band will include the macula lutea, in the 
Dcighbourbood of which the retinal chanj^es present a very characteristic 
aspect. The granule cells in this part appear from the first not as large 
white spots, coalescing to form an uniform band, but as groups of wiiite 
points, sprinkled io peculiar radiating lines, while the centre of the macula 
lutca appears dark red, in contrast to the bright white in its vicinity. In 
more advanced stages the gronping characteriBtic of the neiglibourhood of 
the macula becomes concealed by the increasing development of granule 
cells; the points become larger and larger, and ultimately confluent, 

Tlie vessels still appear much as at the beginning of the disease, except 
that they are partly buried by its increase. In great part, however, they 
follow the elevation of the surface. 

The retina can only remain a limited time in tliia condition, and great 
clianges in its appearance occur suddenly. First small eechyraoses, and 
then more considerable haemorrhages, cover the deposits of fat, and convert 
the surface into an uniform dark red ; and sometimes the retina becomes 
detached. 

As regards the share of the choroid in this process, Licbrcich observed 
iwards the periphery, roundish, angular, or irregular spots, partly 
brighter, partly darker, than the surrounding fundus, and apparently due 
to changes in the choroidal epithelium. Upon these spots, moreover, 
there appeared in places an uniform thin film, as if formed by a clear 
effusion. In one case Licbreich observed the gradual increase of this filra^ 
and a small separation of the retina thereby induced. He has also found 
choroidal changes present in the more central parts, and only concealed 
from view by the diseased retina; so that, as the retinal changes disappeared, 
those of the subjacent membrane became visible. 

In dissecting eyes that had suffered in this manner, Schweigger found 
two chief kinds of disorder — alterations in the nerve elements, and in the 
connecting tissue; the former being the source of the functional disturb- 
ance, and the latter of the ophthalmoscopic changes. The alterations 
in the connecting tissue consisted chiefly of hypertrophy and fatty 
degeneration, and sometimes of sclerosis. There was also a plentiful 
development of flue vessels in the papilla, with hscmorrhagic effusions and 

ula, the latter appearing partly as compact firm masses, partly as thick 
42oil8 of clot-fibrine. The changes in the retinal nerve elements were 
due to thickening of the individual fibrillie, and were distinct from the 
thickening produced by serous tumefaction. There were also changes in 
the choroid and the vitreous body* 

Nagel thus expresses the general results of bis observations: — Fatty 
metamorphosis of the retina is a final stage of chronic parenchymatous 
retinitis. The structural changes produced are not limited to individual 
layers, but pervade them all. They consist of disturbances of the circulation. 
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especially of piuictiforra hajmorrbages, of the deposit of amorplious 
fibriooiis efi'iisions, and of fatty clianges of the interstitial counect- 
ing tissue, as well of the central as of the basic niembratie (Miiller's 
fibres and network), with increase of nuclei, transformatjon of cells, and 
their retrogression into fatty granule cells. In the advance of the disease 
the nerve elements of the retina degenerate, and exhibit fatty dis- 
integration of the bacillary layer, degeneration of the gans^lion cells, 
and varicose hypertrophy of the fibrillee. The chronic iuflammatiou 
and fatty metamor pilosis of the retina that so frequently attend upon 
Bright^s disease are apparently due to imperfect depuration of the blood 
by the disordered kidneys; and a similar inflneuce is ofteu exerted 
U[>on the nervous centres. Tlie retinal apoplexies are not to be regarded 
as the early stage of the agglomerations of granule cells, and usually stand 
in no necessary rehitton with tliem. Such apoplexies are common to all 
forms of retinal hypcra^mia and inflammation, and are to be considered 
as symptoms of these conditions^ due to the anatomical arrangement of 
the vessels. 

Tlie nature of the causal connection of the retinal disease with that 
of the kidneys or heart is still an open question ; but it should be 
remarked that a similar or identical disease of the retina is seen in 
connection with diabetes mellitus, hippnria, beuzuria, oxalnria, and 
so forth ; as well as, partially, during pregnancy and lactation^ and in 
syphilis. 

Liebreich remarks, witli rt>gard to this ilisorder, that it is only socn in connection 
witli Brig]it*8 diHeajse ; and tliat, alihoii^'h the retinal c'k'mtniU may Im> affect^nl in a 
Hitnil^ir lutuiner in other patliological conditions, the peculiar gronpiDg and localization 
of the (!hanges above described ore pathognornonic, iind allow the kidney iliseawc to 
Ije diagnoBcd with perfect ceitainty b}^ the use of the o|ihtlialmo8Citf«D alone. He states 
that in «yphiljtic rt-tinitin tlie whiU* appcamnce of the diseased membrane is highly 
irregulnr in outline, and less marlced in de^rw. bearinj^ some resemblance to a ptirtiiil 
pathological exa^premtioTi oi* the ordinary aspect of the retina in a darkly -pigrnient<?d 
eye. In Bright'a dineastv tnoreoverj the liffimorrhagen are always in the most internal 
retina] layer, and the blood eifuj»ed in rangetl along between the fibrilLe, giving; a 
striated appearance Itj the sjiotft* in a direction correajionduig to that of the fibriUoB 
themselvea; whilart the niinierouH ecchynioaes of syjihilitic retinitis are found m all 
the layers of the retina, oa well as in front of, or behind, tlie whole tliickneas of the 
membnuie. 

Liebreich aim ^utingmehc^ B fonn of retiiiitiB that he attribntes to splenic lencjemia, 
and that ia marked by a peculiar clear, light, alniost rose-oolour of the veaeelB and the 
ecchjrmosest by pallor of the optic disk, which is stirrounded by tiirliid and stTiaUsl 
retina^ and by the prewnce of numerous small briHiant njundish white spotfl, resembling 
tho^ seen in Bright" s rli«ea«t*, Imt differing from them in Ix'ing peripheniL These various 
forms of diBeaiie ar*.* extremely well illustrated in the ** Atla« of UphthabnoBcopy,** 
and the student will do well to compare and carefully Ktudy the respective %areB, 

Liebreich holds that iiljopathic affections of the choroid are commoii, bat thai 
idio|mthic affections of the retina are extremely rare. He con^dders the disease** of 
the latter membrane to be almost always due to constitutional dyscra^ia or bloc »d- 
(loifoxung; aiid« chiefly* to the three fornix of it that are mentioned above. He aUio 
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calls attention to ttxe fact that, while very eoiiapicuoiis changes in the retina may be 
alt*3ii(led by slight diaturhaiice of vision, alterations apparently trifling, in the choroid, 
usually greatly impair, or even deetroy, the sight He l:>elieves that the diseases nf the 
retina, producing obvious altemticma in the ophthalmoscopic image, are chiefly seated 
in the connecting tiHaue of tJie membrane ; and, moreiDver, that the nerve tibrillm, 
eveji when much changed in aspect, may i^tiE retain their functional integrity. On 
the other hand, the most trilling alterations in the bacillary layer, such as mmit ariao 
fnim very small changes in the contiguoua most internal lamella of the choroid, appear 
to be guiiicient ti? produce very great diJ^turbance of sight. 

TheTe are, perhaps, few matters of more practical importance than a knowledge 
of the appearances that may be oonmdered trustworthy indications of syphilitic 
internal ophthalmia ; and it is imposaible to take too ranch care in the scrutijiy of 
every eye in which syphilitic disease is known to have existed. The cases in which it 
is only suspected are often extremely doubtluL 



5. DfFLAMMATORY SOFTENING OF THE METUirA 

Presents, according to Pilz, the following ophthalmoscopic appearances :~ 
The retina, either attached to the clioroid or separated frora it, 
exhibits^ in greater or less extent, a remarkably bright, ycUowish-white 
appearance, like a thick exudation layer, witli sharp, here and there 
indented, radiating outlines, strongly marked against the neighbouring 
fundus, and sometimes extending to the nerve, which then presents 
an ecchyraosed and finely red- sprinkled appearance, under which the 
central vessels may be more or less completely concealed. The position 
of these patches always corresponds to that of the retina, and they may 
project somewhat above its normal plune. Upon the portions invaded by 
the patches no retinal vessels can be seen, although thej^ may be visible 
in the neighbouring parts of the fundus. The tinal termination of the 
disease is always atrophy of the retina, followed, after a time, by atrophy 
of the optic nerve. The papilla gradually loses its red -sprinkled appear* 
ance, and assumes a white shining aspect, in which only traces of the 
central vessels can be seen. 

According to Pik, inflammatory softening of the retina may super- 
vene upon inflamraatiou of the choroid with exudations from the vasa 
vorticosa, or upon extensive fibrinous effusion in capillary choroiditis, and 
simultaneous separation of the retina, with or without corneal perforation, 
and with or without subsequent shrinking of the globe. It therefore 
forms part of the changes in phthisis bulbi. Its diagnosis during life is 
of course only possible, when the ocular media are still transparent. 

III. CHANGES OF POSITION OP THE RETIKA. 

1. SErAEATION OF TITE RETtNA FROM THE CHOEOm. 

(lA^hrtkh*$ AtUu, PloU vii., FIijh. 1 & 2.) 
This occurs in all degrees, from the least to the greatest. In the 
former it has the appearance of a bladder-like prominence, the size of a 
pea J in greater degrees as a larger bladder, extending over a fourth or 
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one-half of the retina; and in the greatei^t degree the whole retina is 
separated from the choroid. 

As subjective phenoraena, von Grafe enumerates the following : — There 
appears, without pain, in the upper part of the Held of vision, an apparently 
sharply-defined dark cloud ; and objects appear, especially upon its margin, 
but in many cases also over the whole field, curved, or interrupted, or oblique* 
The dark cloud extends itself cliiefly towards below, and in a great number 
of cases has a blood-red colour, which in a few days becomes yellow, and 
then wholly disappears; although sometimes the original colour will remain. 
If the central part of the retinal field remain intact, the sight may still be 
moderately good; bat, as soon as the retina around the optic nerve is 
implicated in the separation, vision will fail* If the upper limit of the 
detached portion border on the nerve, the sight may vary considerably. 
In such cases, if the neighbourhood of the macula lutea be intact, there 
may he good vision in the centre of the field, even though the part of the 
retina immediately below the nerve be already detached. But in most of 
such cases, since the upper limit of the detachment is wont to be nearly 
horizontal, either the macula lutea is at fii-st implicated, or it and the 
neighbouring parts are involved in secondary changes, so that central 
vision is impaired, and the patient is compelled, when the diseased 
eye is used, to direct its axis, not upon the object looked at, but 
obliquely upwards (Hemiopia). It is also very common in these cases 
to find diminished perception of light towards below and outwards, 
depending either upon extension of the separation to both sides of the 
nerve, or upon the increase of secondary changes. Von Griife observed 
cases in which the retina was detached beneath the nerve, and on both 
sides of it, as far as to the upper part, bat in which a certain portion 
immediately above the nerve remained attached* There was still a feeble 
visual power towards below, which was lost as soon as the separation 
extended itself all round the nerve, although at a greater distance the 
retina remained attached, and showed an apparently normal texture. 

The objective symptoms vary much in different cases. It is common 
to all, that the retinal vessels present a changed appearance in the inverted 
image, appearing much bent, and deviating from their normal direction. 
If the observer make slight lateral movements of the convex lens, he will 
remark that the parts of the vessels that project towards him show, in 
relation to this or that side, considerable changes of place, since they are 
no longer parallel to the sclerotic, but floating in front of it upon a 
curved and moveable wave-shaped surface. 

Upon the colour of the detached portion, the retina itself, as in 
the normal state, has Tery small influence. It depends more upon the 
character of the effusion poured out between the retina and the choroid. 
If this effusion be clear and transparent, the colour of the detached 
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portion will not differ remarkably from that of the rest of the fundus. If 
it be opaque, the detached portion may vary from light bluish-grey to 
dark bluish-green, according to the colour of the fundus andihe degree of 
folding of the loose retina* Upon the upper surfaces or summits of the 
folds there is often a lustre like that of dirty satin. 

The best insight into these conditions is obtained, according to 
Liebreich, by the study of cases in which the contents of the retinal sac 
are not homogeneous, but consist partly of clear fluid, partly of solid and 
opaque coagula. These coagula remain, when the retina is partially 
replaced by absorption of the fluid, aa bluish-white streaks between the 
retina and the choroid, extending sometimes over a large portion of the 
fundus^ and affording the means of determining the condition that 
preceded them. If in such a case the observer fix upon some point of the 
retina (e. ^, a vessel), that is situated on the line of demarcation between 
transparent and opaque substance, he may, by moving his head, and 
altering his line of sight, bring this retinal point to rest upon each part 
in turn. In this way he will perceive that it is not the retina that atturds 
the dark grey or greenish colour; and he will also easily isolate for 
inspection the retinal substance itself. If light be concentrated exactly 
upon the spot to be examined, by forming there an inverted and diminished 
image of the lamp-flame, and if this spot be then inspected in the erect 
image with a weak magnifier, the bundles of fibrillfc will be visible as fine 
streaks, having extremely fine points (granule cells) behind them. Only 
in rare cases is the retina so thickened and folded that it appears opaque 
and greyish white^ or yellowish ; and that the effect upon it^ colour of 
the fluid behind it becomes inconsiderable. 

The circulation in the detached portions continues entirely normal, 
even in cases of long standing — those being excepted in which Bright's 
disease or other complication^ may be present* Liebreich states, however, 
that the vessels undergo changes, partly in their course, and partly in their 
colour. Constrained to follow the retina in all its folds and movements, 
they deviate more or less suddenly from their accustomed course, and 
wave about, rising and falling before the observer. It thus happens that 
they are visible sometimes in their whole extent, and sometimes appear 
interrupted ; that a vascular trunk may vanish suddenly, as if cut off, 
while on the other side are seen twigs belonging to no apparent stem. 
In colour the vessels appear as dark red, or even occasionally as black 
streaks, a colour depending on the tint of the separated retina, as may be 
seen in cases in which the appearance of the detached portions is not 
uniform, but partly transparent and partly opaque. On such a ground 
the vessels appear darker, the darker it is itself; and on the transparent 
portions they often do not deviate from their natural hue. This only 
applies, however, when the retinal substance is itself sufficiently trans- 



160 



THE OPHTHALMOSCOPIC APPEAUAXCES 



parent; for, if It be very turbid, the vessels will on this account appear 
dark. 

If the retina be detached in its entire extent, its form will resemble 
that of a funnel, the ora serraia corresponding to the wide opening, and 
the nerve-entrance to the narrow one; or, according to Coccius, the cup 
of a flower {a convolvulus blossom, Arlt), and will be more or less pointed 
at the optic nerve. Coccius once saw the lower and outer part of the 
nerve torn ; and resembling a gaping, conical slit in a cloth. 

lu order to perceive the movements of the retina in the vitreous body, 
the patient must be directed to make short to and fro movements of the eve. 
The retinal motion is often small^ and its extent must depend partly upon 
the extent of the disorganization of the vitreous, partly upon the degree 
of the distention of the sclerotic by effusions, just as the movements of a 
solid body in a distended bhuldcr are shorter than in one that is less tense* 

In respect of the part of the retina most frequently detached, it 
may be observed, that^ in the greatest number of cj^ses, the inferior half 
suffers. Towanls the upper part^ the limit between detached and normsd 
retina is apparently sharply drawn by a straight or slightly curved line, 
cither horizontal, or obhque from within outwards. If the separation 
extend further, the line of demarcation proceeds, even to the optic nerve, 
and rises, chiefly on the outside, but somewhat on both sides, to the upper 
part, until by degrees the whole retina becomes detached, excepting the 
upper and inner portion, where, even in complete separation at the 
peripheral margin {ora serrata), a portion is commonly found adherent, 
with its inferior limit external to the field of view. Separation of 
the outer half alone is very seldom found ; of the upper half alone^ 
still less frequently; and in old cases scarcely everj unless caused 
by ctfsticercus telm ceUulosa, In a very few perfectly fresh cases, 
von Vifdfe has been enabled to establish the existence of dctaclnnent 
of the upper part of the retina ; and hence it is believed that, although 
nearly all cases of detached retina come under observation with the 
inferior part affected^ it is still by no means certain that the separation 
first took place there* It is even a fact that in many cases, possibly 
in most, the separation first occurs elsewhere, and afterwards extends 
dowTiwards ; and, in a certain degri e, assumes in that direction a constant 
form. This change of place appears to be certainly due to gravitation of 
the sub- retinal fluid to the deepest parts* If the retina, after recent 
separation, be again applied to its attachments, the questionable or incom- 
plete detachment may be restored ; but in old cases this is probably 
impossible* Complete transparency of the separated parts seems to be, 
for ftuch reunion, a conditio sine qua non, lu such disappearance of 
retinal detachment at its original seat, with restoration of the portion of 
the visual field that firvt wi3 lost, and improvement of the central vision. 
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it is never permissible to anticipate an actual recovery, or to indulge in 
a favourable prognosis, since, sooner or later, the development of the 
ordinary form of retinal separation is to be expected. 

The complications most commonly to be recognized with the ophthal- 
moscope are : — partial retinitis in the neighbourhood of tlie separated 
portions, shown by the development of very delicate, infinitely fine vascular 
anastomoses, forming insnlar spots ; by fine, granular, whitish, or reddish- 
white exudations; circumscribed hiemorrhages ; and by opacities in the 
vitreous body. If, in the elevated portion of retina, there be scattered col- 
lections of pigment, extravasations, or crystals of cholesterine, these will 
impart, in movements of the eye, a very striking and peculiar appearance. 
There will be complicated changes of position between the different objects, 
as in a kaleidoscope. If the globe be fixed, these changes diminish and 
cease ; and the separate objects resume their original relative positions. By 
this circumstance, morbid products attached to the retina may be dis- 
tinguished from like products that are only suspended in the vitreous. 
The latter, after floating about, gradually suijsidc, and have no definite or 
proper locality. 

Separation tnay be produced by variouii causes : — either by serous (?) 
effusiun between the retina and the choroid, or (according to von Grafe) 
by perforating wounds of the sclerotic, or (according to H. Miillcr) by 
traction from before^ Von Grafe has repeatedly »een large, apparently 
widely-gaping, perforating wounds of the sclerotic in the ueiglibourhood 
of the equator, with moderate loss of vitreous humour. The healing pro- 
ceeded favourably, without the least inflammatory reaction ; and the vision, 
although certainly not perfect, during the first weeks remained little 
impaired. At the period of cicatrization there first occurred a charac- 
teristic drawing-in of the sclerotic ; and, at the same time, a suddea 
diminution of vision, contraction of the field in the parts concerned, and 
lastly, the ophthalmoscopic discovery of a retinal ae par at ion, commencing 
from the neighbourhood of the wounded equatorial portion. Separation 
of the retina by traction is ascribed by Miiller to the contraction of 
exudations in the vitreous, and in the neighbourhood of the ciliary body. 

Soparation of the retina i» not a vory ujicoinmon rcHult of smart blows u]x>ii the 
linpni-orbitul ridge, or nther part« adjac«3nt tfi tht^ eye. I hrivt^ &ecii oue very well- 
marketl case, in wliich it followed a puncture made into the eye by a iiirgtjan* in the 
ueighlioiirhtxxl of the ciliary muscle, with the idea of relieving simple myopia by the 
Bi)*cnlted intra-ocnliir myotomy. I may also mention thai, while these pag^ have 
fteen )»aasing through the presft, I have seen two quite reccut cos&i — cttm apparently 
jspontAneous, and the cither the remdt of a blow — in both of which the septuution had 
befallen the upper portion of the retina. 

2. SKl'JUUTtOK or THE RETINA XSD C ROROm rROM TIOS SCLEBOTICJL. 

{LiahreicKs Atla$, Plate vii,, Fitj, 4,) 
This Tcry rare condition has hitherto been observed by Liebreich 
only. It appears as a smooth j circumscribed^ reddish-yellow, spherical 
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tiiinour, projecting into the vitreous body, and having the retinal vessels ' 
continued over it without deviation. As in simple retinal separation^ 
these vessels can he seen from a greater distance than usual in the erect 
image. The pupil, during movemeutj* of the eye, appears sometimes of 
its normal reddish lumiuosity, sometimes of a yellowish tint and slightly 
furrowed by the clearly defined vessels, according as the normal or the 
projecting portions of the fundus come into viesv. The chief symptoms 
of the condition are, the absence of folding and wave-like movement; the 
red colour in spite of the opacity of the tumour; and, above all, the 
possibility of seeing the choroid, although feebly, through the retina^ 
in contact with which it rests, giving, according to its colour, different 
appearances to the fundus. In a woman with blonde hair and blue eyes 
Licbreich saw the choroidal vessels in clear outline. In her, at the angle 
formed by the choroidal projection with the neighbouring parts of the 
fundus, the retina itself was also detached from the choroid^ and it was 
possible^ in movements of her head, to see clearly the slow changes of 
place of the retinal vessels and extravasations in relation to the choroid, 
and also the light colour of the retina as it appears in simple separation.^ 
with transparent contents. A separation of the retina and choroid, on 
account of its peculiar colour, size, and attached position, might be 
mistaken for a malignant tumour; until the irido-choroiditis, that, in the 
former, sooner or later occurs, had produced atrophy of the globe. 
Separation of the retina may occur also from — 

3. TUMOURS IX TU£ INTKJUOfi OF TUB ETl. 

^(C^reMforrn Fmitju» of the Evtina, Buf^/s Cats Eyfi Attuinroii^.) 

The development of a malignant tumour in the interior of the eye 
cannot be distinguished, at the beginning of the disease, from simple 
separation of the retina ; but if the atFection be farther advanced, and 
the degenerated and often golden-ycllow coloured retiua pushed in front 
of the focal point of the refracting media, tlien examiuation by laterad 
illumination is preferable to oplithalmoscopy, and is attended with no 
difficulty. According to von Grafe, the presence of a tumour behind the 
retinal separation may be suspected, when, coincidently with considerable 
detachment, there are signs of increasing intraocular pressure. Such 
signs are,— ciliary neurosis, and hardness of the globe manifest to the 
touch; especially the latter, as in simple separation the eye usually feels 
somewhat softened. Moreover, there may be paralysis of the iris, dis-i 
placement of the iris forwards, anaesthesia of the cornea, &c. &c. 

4. CYSmCKltCOS CJBLLULOS.B. 

(JMifekk*§ AtUu, Plate vii., Figs. 5 and 6.} 
Althougli earlier observers were aware of the occurrence of cysticerci 
and other parasites within the human eye, in conse(|ueuce of their 
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occasiooul appearance in the anterior parts, it was reserved for our own 
time, with the aid of the ophthalmoscope^ to discover their presence at 
the fundus. Since von Grafe and Liebreich made the first exact obser- 
vations upon this subject^ the number of cases has greatly increased; but 
they all present, under oplithalmoscopic examinatioOj more or less the 
following symptoms ; — 

The parasite is fouod, at least in the first periods of its developmcut, 
constantly inclosed in a turbid membrane, which in some eases is con- 
Dected by its greatest breadth with the retina^ and seems a continuation 
of it, fiince vessels from the retina are continued over it* It appears, 
therefore, as if the retina were split in the direction of its thickness, and 
the parasite situate in the ponch thus produced. In other cases, the 
more prolonged envelope has cylindrical processes at one or both of its 
ends, and turns one of them towards the fundus oculi, to be either 
Most to sight in the deeper structures, or visibly united by fibres or 
membranes to the retina or the optic nerve. The anterior extremity of the 
sheath is sometimes free, and sometimes terminates in a bundle of 
transparent fibres, which reach to the posterior surface of the crystalline 
lens, and appear to be attached there. They arc compared by Stellwag 
to the threads formed in fibrous transform ation of the vitreous body. 

In proportion to the number and situation of its points of attachment, 
the mobility of the sheath within the eye may be either very small or 
very considerable; so that, in the latter case, the parasite may travel 
over the whole extent of the posterior chamber of the eye. Under 
such circumstances, the vitreous body must necessarily have* become 
fluid. 

The colour of the sheath is greyish- white, which may be changed 
to bluish or greenish by the transmission through its transluceut wall 
of light reflected from the fundus* At one or the other side the head 
of the parasite will be visible aa a white knot-like appendix, remarkable 
both by its comparative opacity and by its colour, as well as by variations 
in its extension, and by changes of its position with regard to the 
containing vesicle. The details of its formation are of course concealed 
by the turbidity of the sheath^ which also forbids a direct view of the 
transparent body of the parasite. This, however, is indicated by the 
l^xpansions and contractions of the vesicle, and Ci^pccially by a cup*likc 
detraction of its surface that communicates a wave of movement to the 
surrounding portion, and, in complete stillness of the eyeball, frequently 
modifies the spherical form of the vesicular body. 

In time, however, the investing membrane becomes broken down or 

torn, and a poition of the vesicle projects, like a bladder-shaped appendix 

Lfixed in the sheath, and as if surrounded at its neck. This projection 

consists of the head and neck, that, no longer confined, move about fretly, 

m2 
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and are characterized not only by the details of their outliDe^ bat by 
their pecuhar expansion and retraction^ like the movements of a proboscis. 
The vessel that traversed the investing membrane gradually disappear, 
or appear only as very fine lines; and, as the worm arlvances more and 
more, the opening in the sheath enlarges, until at last the sheath dis- 
integrates into a system of opaque shreds, that float at the fundus of 
the eye, and partly cover the liberated parasite. (Stellwag*) 

The functional disturbance consists chiefly in the diminution of the 
field of vision, in which the patient sees a round black patch. The sight 
steadily diminishes as the retinal separation increases, and the pro*;nosia 
is ahvays unfavourable. 



IV. ATBOPHY OF TIIE RETINA. 



I 



This melancholy termination of the most different of the deeper 
diseases of the internal eye is various in its extent, involving greater or 
lesser portions of tlie retina, or even the whole of it; as, for example, in 
larj;c choroidal etfusions, when there may be no trace left of the retina but 
a few fibres of connecting tissue, proceeding from the simultaneously 
atrophied optic nerve, and radiating until lost in the choroidal effusion. 

Atrophy of the retina is characterized by conversion of its texture 
into a fine, molecular, more or less clearly striated mass, or into true 
connecting tissue. Imbeddled in this structure, and chiefly near the, 
modified, degenerated, or atheromatous vessels, are found the metamor*] 
phosed fbmains of inflammatory products, and also, in many cases, masses] 
of newly- formed cellular elements, which, during the progress of the 
iijflammation, were often not present, or only in smaller quantity. Among 
these, pigment cells arc especially prominent, and ai*e sometimes developed 
in enormous numbers; which, grouped iu larger or smaller masses, 
peculiarly modify the ophthalmoscopic and anatomical appearances. 
Cases sometimes are seen in which commencing atrophy coexists with 
neighbouring inflammation; the latter declared by the dirty colouritig 
or greyish-yellow turbidity of the fundus, the concealment of the choroidal 
margin of tlic papilla, and the distension of the veins, with or without 
extravasation; the former by the considerable deposition of pigment. 
If the atrophy be total, the fundus appears in its whole extent of a dirty 
greyish-yellow or greyish -brown, and covered by numerous black or 
brown spot«, between which the remains of the choroid appear as blutab 
spots, or even the dirty white of the sclerotic may be visible. 

In more advanced atrophy the remains of the retina sometimes 
become so thin and transparent, that they can only be recogniaed with 
the ophthalmoscope by the presence of the almost obliterated blood vessel«« 
The fundus, on account of the visibility of the sclerotic, appears almost 
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entirely wliitigh-yellow and shiniDg, but marked by dirty clouds, aud by 
larger and smaller collections of pigment. The vessels disappear almost 
etitirely. 

Very considerable masses of exudation raay sometimes still be recog- 
nized, in the atrophied retina, as turbid greyish- white or dirty-greyish 
yellow dull patches^ with indistinct, irregular, ragged, or insular free 
margins; and sometimes with vessels passing through them. 

In the majority of cases there is also atrophy of the optic nerve; and 
the appearances of the two conditions are combined. 



IIL THE CEOBOID. 

The diseases of the choroid were in a certain degree understood, 
prior to the discovery of the ophthalmoscope, by means of the exact and 
careful rescarcfies of pathological anatomists* It was known that the 
choroid, as a richly vascular membrane, was the frequent seat of numerous 
morbid changes, that resulted in the impairment or the destruction of 
sight* Many forms of amblyopia, of organic amanrosis, and of such 
plastic exudations within the eye as could be aeen without optical 
assistance, were recognized as the consequences of choroidal disturbance. 

Abnormal hardness of the globe, varicosity of the superficial veins, 
and a peculiar direction of their course, mydriasis, thinning of the 
sclerotic tissue, &c., were, in a general way, known to be the results of 
an acute or chronic choroiditis, sufficient to impair, to increase, or to 
diminish the secretion of the interual humours, to disturb vision in 
various ways, and to injure the delicate tissues of the retina and of the 
hyaloid membrane. It was also known that choroidal ossification and 
posterior staphyloma were the last stages of chronic inflammatory pro- 
cesses. But the direct and immediate examination of the choroid, as of 
the retina, was then impossible; and the observer was unable to follow 
the intermediate stages aud steps of diseased action from its earliest to its 
latest phases, to estimate their tendencies, or to connect them with the 
corresponding functional. derangements. The opinions formed upon the 
nature, the seat, the extent, and the degree of morbid action were 
therefore uncertain and fluctuating; and the disturbances that had their 
origin in the choroid were often attributed to the retina, and vice^versd. 
That was frequently ascribed to dynamic or nervous change, which has 
been shown, by the help of the ophthalmoscope, to depend upon material 
or organic processes. Commencing congestion of the choroidal vessels, 
partial choroiditis, plastic effusions, haemorrhages with their consecutive 
opacities of the vitreous body, more or less extensive .atrophy from the 
deposition of different matters in the texture of the membrane— all these 
things, prior to tlie discovery of the ophthalmoscope, were not only not 
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known, but were scarcely even suspected. The consequences were, error*, 
of prognosis; and inefficacy of a treatment that was applied to unknown, 
conditions. 

As a rule, the appearances proper to diseases of the choroid are easily 
recognized with the ophthalmoscope ; but sometimes a greater familiarity 
with the instrument and a certain degree of experience will be required, in 
order to see correctly, and to interpret the appearances that are seen. 
The greatest aids for the latter purpose are an exact knowledge of the 
anatomical structure of the membrane, and of its physiological conditions 
recognizable by the ophthalmoscope, A lighter or darker colour of the 
epithelial pigment allows us to see the choroidal vessels, now bright red 
with sharp outlines, and now brown red with outlines obscured, or some* 
times, in the latter case, conceals them altogether. A greater or less 
abundance of pigment in the stroma influences in the most various ways 
the aspect of the vascular network. If the stroma be sparingly, or not at 
all pigmented, we see the finest ramifications, which cover the fundus as 
with an irregular net of narrow meshes ; while if the stroma be richly 
pigmented, there will be only visible a much more regular network of j 
larger meshes, with dark interspaces almost free from vessels. In ordel'^H 
to judge, therefore, whether the condition of the choroidal vessels be 
healthy or morbid, it is necessary always to consider: — L The degree of 
pigmentation of the stroma ; a matter to which the colouring of the skin 
and hair of the patient affords a tolerably certain guide, 2, The number, 
colour, diameter, and elevation of the vessels upon the plane of t!ie 
choroid, as well as their anastomoses. 3. The condition of the papilla and 
the retinal vessels, which commonly participate in choroidal changes ; and, 
4. The appearance of the sound eye as contrasted with the one that is 
diseased. 

The visible diseases of the choroid are chiefly inflammatory, and 
the inflammations are chiefly chronic. Their most important signs are 
furnished by exudations, which therefore deserve particular consideration. 



I. HYPEBifSMTA OF THE CHOROID, 

This is a very common aflfection, occurring to a great number 
people, without any remarkable disturbance of sight. For the reasons 
just stated, it is difiicult to recognize with the ophthalmoscope ; and its 
detection is often based upon other grounds, to which especially belong 
the ordinary habit of the patient, the sluggish movements of the iris, 
and the remarkably long continuance of pupillary dilatation after the 
iustiUation of atropine. 

lo ophthalmoscopic examination the fundus appears of a dark 
uniform red, like a strongly inflamed conjunctiva, and the vessel 
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(especially the larger vessels behind the equator) appear strongly 
injected^ often distorted and irregularly enlarged* WhOe Pilz declares, 
that, in the severer forms, he finds the chorio-capillaris developed into 
a fine mesh or layer of uniform redness extended over the vessels, 
^ Liebreich states, that " in such affectiowt, even when pathological condi- 
tions of that portion were certainly present, he had never been able to 
recoffuize their existence with the ophihalmoscopeJ^ 



II. mFLAMMATION OF THE CHOROID. 
(Li^ret€h*s Atkut, Plate iv.) 
While in inflammation of the retina the changes produced in the 
texture of the membrane are early and clearly visible, and arc cha- 
racterized by the changes that they impress upon the aspect of the vessels, 
the structural changes in the choroid, so long as they are confined to its 
deeper layers, and therefore at the commencement, or even in the 
moderate development of morbid processes, are almost entirely concealed 
by the pigment layer of the stroma. Afterwards, however, in the 
ready disturbance of the epithelial pigment, and in its common con- 

.siderable increase, such changes are strikingly and definitely expressed. 
In other cases, however, in spite of their extent, they may be concealed 
from view by the development of secondary conditions, and especially by 

fturbiclity of the ocular media. 

Before proceeding to speak of the appearances characteristic of 
choroidal inflammation, it is necessary to describe generally the various 
forms of exudation. 

Serofis i5r.rtt^ffjfta».»*— Transparent serous effusions, that interpene- 
trate the stroma itself, produce very little eftcct upon the ophthalmo- 
scopic image of the fundus; but^ if the effusion be in considerable bulk, 
it will cause, according to its extent, either partial or total separation of 
the retina from the choroid, in the way already explained. The colour 
will be infinitely various, according to that of the effusion, its quality, 
amount, and the admixture of blood corpuscles it may contain; and it 
needs only to mention here, that, when the funnel of separated retina 
etains a certain degree of transparency, the colour of the subjacent fluids, 
often even the reddish tint of the choroid, and sometimes the occurrence 
of crystals of cholesterine in the effusion, may be perceived. These appear 

p%& shining white, glittering, spherical, cylindrical, or irregular corpuscles, 
which cither retain their places upon the retina, or change them in 
correspondence with the movements of the eye. If it be necessary to 
distinguish between such crystals behind the retina and those in a fluid 
vitreous body, the movements of the former crystals behind any single 
visible retinal vessel, or, in advanced stages of rctiual atrophy, their 
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relation to the shaded folds of the diseased membrane, may serve as poiDt« 
of distinction. 

Blood Extravasaiions (Hiemorrhages). — Bleediug from the choroidal 
vessels may occur in various degrees, from small ecchyraoses to a considerable 
amount; atid is a very common phenomeuoHj that may often be dia^aosed 
from the narrative of the patient* Tliis is generally to tlie effect that, 
after headachesj tension and aching of the eye, and momentary weakness 
of vision, the sight of the eye affected was suddenly lost, usually in the 
morning at first rising, or after violent efforts, vomiting, &c. In manj 
cases vision is not altogether destroyed, but tlie patient complains of 
suddenly occurring black clouds in the field of sight, that interfere with it 
in this or that direction, or conceal portions of the objects looked at. 

Small quantities of blood are found in thin layers upon the inner 
surface of the choroid, and appear as red spots, that break up under 
absorption, become pale, and finally disappear entirely, or leave slight 
alterations in the pigment layer. Sometimes the effused blood extends 
itself all over the choroid ; and the fundus oculi then appears of an 
uniform dull deep red {Obscuriti de Vceiloi Desraarres); in other cases, the 
effusion is only partial, and the choroidal vessels can still be perceived 
between the red spots. By absorption the red colour passes into yellow, 
and the former position of the blood is ^hown by spots of a dirty yellowish- 
white, often with a highly pigmented halo, that may be visible after several 
years; in rare cases the blood effusion may burst through the retina, and 
penetrate the vitreous. Effusions of blood in small quantity, and in dark- 
eyed persons, are, for a certain time, not conspicuous; especially in slow 
inflammation. In order to become acquainted with their appearance, 
it is better to produce them in animals, as in brown rabbits, by needle 
punctures, than to study tlie most careful descriptions ; and such experi- 
mcuts have the further advantage of allowing observations to be made at 
all periods of the case. 

Plastic ExudadOTis. — A transition stage to plastic exudations is 
formed by tliose that remain gelatinous, and, in tlieir incrcasej produce a 
series of most beautiful reflected colours, from si I very- white to shining 
gohlen-yellow. Under favourable positions, the vessels upon the surface 
of the projecting retina are perceptible to the naked eye. These phe- 
nomena were formerly described under the name of cat's eye amaurosis* 

Actual plastic exudations are sometimes circumscribed, solitary, and 
scattered ; sometimes more extensive, seldom forming uniform layers, and 
are found more frequently towards the centre than towards the peripliery 
of the fundus* A thin exudation layer upon the inner surface of the 
choroid appears like the retina, especially when seen upon a dark ground^ 
as a light grey veil that scarcely conceals the pigment cells. The roost solid 
exudations between the retina and the choroid are of a whiter eolour« 
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sometimes yellow, darkly pigmentedj and conceal the subjacent textures 
partly or completely; so that only here and therCj with great difficulty, ib 
it posiiible to recognize pigment or a vessel Iq the white spots. 

Peculiar defined exudation masses were discovered in the choroid by 
Ed. Jager, and were shown by microscopic examination to be tubercle, 
the occurrence of which has been demonstrated more recently by Manz. 
i^Obscrved with the ophthalmoscope, these deposits appear as whitish- 
yellow, or even deep Icmon-yello^v, roundish, oval, or irregularly-shaped 
thick and solid exudation masses, from the size of a small lentil to that of 
the optic disk, or larger, with s!iarply-defined margins against the sur- 
rounding reddish-yellow fundus, with regular or indented edges, and with 
spreading surfaces. These tubercles were eitlier isolated or more numerous, 
and either scattered or collected together into groups. 

Single masses of tubercle appear to be developed without important 
inflammatory symptoms; while in other cases there is a considerable 
^choroidal hyperjcmia, with extensive striated pigment destruction, in 
"consequence of serous transudation (cedema), Jiiger repeatedly saw 
tubercle in combination with choroiditis and retinitis, and with coincident, 
more or less extensive, non-tubercular exudation. Single choroidal 
tubercles, remote from the macula lutea, appear to exercise no important 
influence upon the functions of the retina; but, if the tubercle encroach 
upon the macula, vision will be greatJy disturbed. In coincident retinitis 
and choroiditis the loss of sight will be proportionate to the disease. 
In the external parts of the eye aflFected, those visible to the unaided sight 
of the observer, especially when there is no great degree of retinitis or 
chcrroiditis, little or no sign of disease will be apparent. 

It is necessary to make mention of choroidal melanosis. The 
oplithalmoscopic diagnosis of this disc^ise is^ at its commenccment| very 
difficult, on account of its resemblance to the conditions associated with 
displacements and partial accumulations of pigment, or with choroidal 
apoplexies. According to Cooper, hsemorrhage into the vitreous body 
may be mUtakeu for melanotic cancer, and the more readily, &ince the 
latter sometimes appears to follow injuries. 

Purulent Exudaiiom. — Direct evidence of choroidal suppuration can 
only be afforded by the ophthalmoscope in the most exceptional cases, 
since the sympathetic disorder of the other membranes and of the refracting 
media must always impede the examination by producing opacity. 

To proceed now to the actual inflammatory process. It will be 
evident, from the foregoing, that the chief ophthalmoscopic question will 
be the diagnosis of the form of choroiditis that is predominant. For this 
purpose we have chiefly to consider — • 

1, The Appearances produced by the E^^dations. ^These are seen as 
sharply-defined patches, not elevated, and of the most various outlines. 
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recognizable by tlieir acciiraulationa of pigment and their peculiar 
colour. Their point of origin is commonly either in the neighbour* 
hood of the macula lutea, or to the inner side of the optic nerve, and 
at some distance apart from it. According to Jiiger, they may either 
appear immediately at their place of origin, or dispersed at several 
isolated points in nearer or farther distance around the macula; 
and may spread from thence more uniformly towards the equator of the 
eye, following the ramifications of individual choroidal vessels. Their 
extension, whether towards one side only, or more uniformly over a great 
portion of the fundus, may be explained by their progress from their centre^ 
or point of origin, the macula lutea. Even the originally more limited and 
local forms of peripheral choroiditis commonly follow the ramificatiotia 
of the choroidal vessels. In this way the inflammation spreads from the 
region of the macula to, or nearly to, the optic diisk; and when originally 
more peripheral, and therefore situated about the circumference of the 
nerve, it still approaches it gradually, and at last partially or entirely 
surrounds it. The margin of the elFusion is usually very sharply defined ; 
and the choroidal effusions generally, unlike the more cloudy and 
indefinite opacities of the retina, follow in their outlines the characteristic 
course of the choroidal vessels. Extravasations in the retina exhibit hy 
their indented contour the radiating course of the nerve fibrillar ; but in 
the choroid, by their defined margin, usually the coarse of a large 
circumscribing choroidal vessel, the winding course and net-like ramifi^ 
cations of which are defined by the changes in the pigment layer. The 
shape of the patches is sometimes very regular ; circular, triangular, 
rhomboidal, or the like; but commonly very irregular. The colour dillers, 
according to the degree of turbidity of the eflusion, and according to the 
degree of participation of the pigment layer ; and may be brighter or 
darker, whitish-red, greyish-red, whitish-yellow, or dirty brownish-yellow, 
with or without darker clouds and shadings, Freqticntly the appearance 
18 of brownish-yellow or brown patches, separated from each other by a 
bright network corresponding to the vessels, 

2. The Chanffes in the Pi^menl Layer, — These, which will be described 
more fully hereafter, arc almost constant in their occurrence in cases 
of long standing, and appear as larger or smaller collections of pigment, 
scattered very irregularly within the exudations. Their colour is black, 
but they may appear blue, or greenish-grey, when covered to any depth 
by very turbid effusion. 

3. The Changes of the Optic Nerve. — Reddening of the nerve disk is 
almost a constant symptom, even in the early stages of the disease, , It is 
characterized, according to Jager, by its greater uniformity and deeper 
situation in comparison with the more superficial and striated redness 
of retinitis; and also by its peculiar tint, which is like that given to the 
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vitreous body by post-mortem blood staining, or even like blood itself. 
It is, tlicrefore, by some attention, generally possible to see clearly the nerve 
boundaries against the fundus; while ia retinitis, from the extension of 
the superficial redness and turbidity over the whole surface, the disk 
becomes by degrees completely concealed. 

Jager explains the reddening of the ocular termination of the nerve 
in choroiditis^ on the ground that deeper portions of the trunk receive the 
continuations of fine choroidal vessela, and therefore share in the disturbed 
nutrition of the membrane. 

In copious effusions^ and in severe cases, the retina always becomes 
involved, earlier or later, in the inflammation^ and produces modifications 
of the ophthalmoscopic image, until turbidity of the media, or iritis and 
closed pupil, prevent the possibility of further examinations. 

The special forms of inflammation of the choroid are : — the sclerotico- 
choroiditis posterior, presently to be described as a complication of con- 
genital scleral staphyloma with choroiditis; the disseminated choroiditis; 
and glaucoma. 

Of the disseminated choroiditis {Fornie pointUMe de la choroidUe 
exsudative of Foltin, ChoroidUe ttgrie of Desmarres) Liebreich gives the 
following description i^ — 

This disease never commences in the parts of the choroid immediately 
about the optic nerve, or in a single circumscribed spot, but develops 
, itself simultaneously in more points than one, at some distance from the 
papilla, in the form of small, roundish, diffused, or wholly irregular 
spots, of brighter colour than the surrounding fundus. Upon these spots 
the epithelium appears faintly pigmented or altogether absent, and the 
choroidal vessels allow themselves to be clearly seen, in the beginning even, 
with sl^arper contour and brighter redness than natural. As the disease 
progresses, the spots continually become larger and more numerous; they 
partly coalesce, and partly separate themselves more and more from the 
normal parts; they become paler, and the vessels gradually disappear; 
while dark pigment streaks border the spots, and separate them from 
one another, giving to the parts of the choroid attacked a marbled or 
variegated appearance. In old cases, and in the highest grade of the 
^disease, the originally separated spots coalesce, and cover the greater part 
or the whole of the fundus with an uniform white surface. 

Von Grafe considers the aflection to be a symptom of secondary 
^syphilis; but possibly it is only one of the numerous aspects presented 
by partial or extended atrophy of the choroid, with wasting of pigment. 

With regard to glaucoma, von Griire considers that a simple choroiditis 
is insuflicient to explain its occurrence; and Stellwag expresses himself as 
follows: — **If all the bearings of the case be considered, and all the older 
as well as the more recent observations, both with the microscope and the 
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ophthalmoscope, be taken into account, it will appear that glaucoma 
consists essentially of a venous hyperaemia, and an inflammatory process 
extending to all the internal parts of the eyeball — a process that is followed 
by very considerable increase of intra- ocular pressure, by early excavation 
of the optic nerve, and by a decided tendency to atrophic degeneration 
of the interior structures. The conjoint participation of all these internal 
structures, especially of the ocular extremity of the optic nerve, is essential 
to t!ie idea of glaucoma. The disease is therefore distinct from morbid 
processes analogous in kind, but limited to one of the three chief vascular 
systems of the eye — to t!ie uveal, the retinal, or the nerve vessels. 
Glaucoma is, therefore, neither a serous choroiditis, nor a hyalitis, nor a 
dictyitis, nor an inflammation of the optic nerve j but requires the com* 
bination of all these conditions in one and the same eye/' 

The most frequent ophthalmoscopic appearances are excavation of 
the nerve, choroiditis with preponderating serous effusion, and pulsation 
of the arteria centralis retinjc, either spontaneous or easily produced by 
gentle pressure^ HaemoiThages in the retina and choroid, and turbidity 
of the vitreous body and crystalline lens, are frequently seen as 
complications. 

Tlie pathology of glaucoma may be made tolcral>ly clear, if we assume that its 
eBsentiiil phenoineua are tlie venoiia hjrpenumia, and tbe increase of the fluid cont4?nts 
of the eyelmll. The syinptoms presented by diflijrent cases will then be governed 
chiefly, if not entirely, V>y the rate of increase of the tii«ea8e. 

The continued existence of excessive intra-ocalar tension ncce^isarily prodnoee 
compression of the retina, and consequent losfi of sight. The whole Hurface of ihe 
retizka suffers ; hut the jienphera! portions earlier tlian the central. Consequently, 
the field of vision becomea gradually cc»ntra4'kM3 • and, although central \'iKion i« 
always impaired in some degree, it may remain comparatively gooci up to a late 
penod of the disease. In the end, however, unless the tension be reli6vc^d, total 
bliadnese is the inevitable resrult. 

For some Teason that can only he conjectured, hut probably either from weak- 
nesa of the ciliary muscle through interference with it*i supply of blcxad, or by the 
pnxluction of a premature hardness of the lens, the early 8f>ti^e8 of exnltod t-eiision 
are nsuaUy attended by rapidly increa^iing presbyopia. Where thk symptom preHcmts 
it«ielf, a careful examination of the degree of hardness of the globe should never bo 
omitted. 

Moreover, it ia nrrt tincommon for the impaired nutrition of the distendeil eye- 
l>all to tind expression in cataract, as well as in other degenerative internal chaii^as. 
It IB not ililficult t<i believe, therefore, that a large proportion of the unauccessftil 
cnluract operations of the pre-ophthalmoscopic period were performed upon eyes tlie 
retijUD of which wore perialiing from compression ; and thjit most of the ciuw» of bo- 
eaOed ** omauroHis,'* in peTsons past the middle periwl of life, were Himjily iwttanoea 
of gradnaJly incre^wdng tcnmon, in which the lens had retained its transparency . 

The ot*ular tumc», liVe other textures of the body, nhow a marked tolerance of 
pressure that is otdy very gra*lually incrcui^ed ; and a decided ixitolenince of the tiama 
degree of [jreHsurt! when ifraddenly or quickly produced. Wiile, Uierefore. in VHsm of 
very gradually incroiu?ing teUKion, the only syiiiptoms may be pre»hyopia, dlmneaii 
of Kight, contraction of the field of vision, cupping of the oi»tic ilink, pukation of the 
c<?ntral ve»«d», and eventual comploU? blindneHK, it in mucli more common to meet with 
patients in whom a more rapid rate of increase is prodttotive of more or letui intlam* 
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tnatory reaction. In such cases the dimiiens of sight ia liable to be increased BUiidenly 
for short periods, which may be faOowed by partial LmpTOvement ; and it ia common 
lor the exa4;"orhationii to be attended by cUiaiy and orbital neuralgia, by the appear- 

lance of col uu red fringes around a ilame, by congestion and intlammatian of the 
ocalar tonics, and by morbid opacities in the vitreons l>ody. When the increase of 
tennion is very raid*!, the aymptonis are corres^iondingly severe. 

Til*:' more tjq>ical examples of these three gradatiom} of rapidity are called 
respectively, simple chronic glaucoma, enb- acute glaucoma, and acute glaucoma. 

tThej poflseaa common characters, dei>ending uix)n exalted tension; differential cha- 
ers» depending upon the rate at wliich that t-enaion has increased, and upon the 

Idt'gree of resistance opposed Uj it by the aclerotic. They fade into one another by 

rfmperceptible degrees, and tJiey are all succe^sHfully treated by timely u-idectomy. 

The ingenuity of oxditlialmic Htirgeona has been taxed to measure and express 
the different ilcgrecs of temsion ; but^ hitherto, with veiy httle result. The instrument 
contrived by v. Griife is pamiul to the patient, and of aniall value to the observer ; 
and the rec^jutly in%^ented ** Spannungsmesijer " of Prof. Bonders has not yet been 

Jeulficiently tested for its merits to be known. The simple scale of nine T's, deviBod 
by Mr. Bowman, is ojK?n to the objection that there is no standard to which any of 
thum can ha referred. The tension of mrmal eyes varies witliin ratlior distant limits, 
and the T — 1 of one observer might be the T -f- 1 of another. Tt w prv>bable, moreover, 
tliat one retina might endure T + 2 while an<.)thHf woidd perish under T+L Perhiips 
the l)est method is for each surgeon to take his own eye as a standard, and to trust 
to practice and a cultivated touch for the general aociuaej of his judgments. 

The mode of exaniination is to feel the upper portion of the eyeb^, as far under 
the orbital margin as jiossible, with the tips of the two fore-tingers. The eyeUds 

[ should be gently closed, the centres of the finger-tips plac4^d alx)ut half an inch apart, 
and then* pressure being made with one of them, the other will estimate the degree of 

*5tesiiji4ince. 



111. CHAKGES IN THE FIGMENT LAYER AND LAMINA 

ELASTICA. 

Tbe pathological changes geen in the clioroidal pigment (maceratiou 
of pigment) show themselves, accordiQi; to Jager, either as partial or 
^more extensive diminutioDj or as simide displacement. DiLtiinutiou, which 
necessarily presupposes a loosening of the pigment layer and a destruction 
of the cells, is characterized by an iJTegular or sharply-defined^ partial 
or more extensive, decrease or absence of pigment from one part of the 
fundus^ by changes of the normal colouring; by the visibility of deeper 
structures or parts, as well as of deposited pathological formations, 
without perceptible accumulations of pigment elsewhere. In displace- 
ment^ on the contrary, together with partial absence or deficiency, 
collections of pigment are found near or about the denuded spots, in 
the form of brownish -red, dark- brown, or black stripes and masses. 

Such changes in the condition of the pigment are most commonly 
caused by effusions and extravasations into tbe choroid and the retina. If 
tbe diminution of pigment be only obscurely defined, or if it be nearly 
co-extensive with the visible fundus, Jager attributes it to a serous infil- 
tration of the textures, produced by slight hypcrseraia of the choroid or of 
the retina. It is then limited to the continuous inner (epithelial) layer, 
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and allows the deeper metnbranes to he seen. If it be clearly and sharply 
defined, and limited to a locality (in which case it is commonly united with 
displacement) J it is occasioned by a t flicker and more abundant exudation. 
It' the eilusiou which produces the loss of pigment be transparent, or 
translucent and slightly coloured, the subjacent textures will be rendered 
more or less visible; but if it be opaque and strongly coloured, it conceals 
completely the parts upon and among which it is deposited ; and instead 
of the loss of pigment being manifest, there is nothing seen but the 
effusion, with its own peculiar colourj limitation, situation, and surface. 
Even when the pathological product, that has occasioned pigment atrophy, 
is itself no longer visible, its nature may usually be discovered, according 
to Jager, by the position, shape, and outline, and other secondary 
appearances of the part affected. Thus pigment atrophy produced by 
retinal apoplexies, long ago absorbed, is marked by citron-yellow patches, 
in which the retinal vessels and the radiation of tlie nerve tibrilhe may be 
recognized, A deficiency limited to the epithelial layer, with visibility of 
the subjacent textures, indicates serous effusion ; a sharply-defined 
deficiency indicates destruction of the stroma pigment by deeper choroidal 
exudation; a circular deficiency around the nerve disk indicates glaucoma; 
and one more or less conical, extending from the disk over the fundus, 
affords evidence of posterior staphyloma. 

In cases of displacement of pigment, in which the retina remaia^ 
transparent, the inner surface of the cboroid no longer presents a brightertj 
or darker tint of uniform brown, but is dotted over with brighter spots^ ' 
having dark margins, and variegated by dark streaks and points. la 
tliese spots a greyish colour will be visible at points where the pigraeiit is 
as much as possible destroyed; and in many cases the grey becomes 
decidedly whitish, more or less marbled with brown. 

The appearance of choroidal vessels in defined outline, and their 
evident visibility, are believed by Pilz to be indications of little value. 
These appearances, when present, he attributes to an uniform choroidal 
hypersemia; since, in that condition, the vessels sometimes become visible 
without any essential change in the pigment, and the degree of liyperaemia 
will produce various modifications of their colour. He found, moreover, 
that in cases of increased development (thickening) of the lamina elastica, 
the reflecting power of the fundus was so much increased that this cause 
alone rendered difficult a clear recognition of the choroidal vessels; whilc^ 
on the other hand, these vessels became most conspicuously manifest ia 
cases in which diminution of vision and simple atrophy of the pigment 
epithelium were associated with an increased development of the pigment 
lying between the choroidal vessels in the stroma of the membrane* 

Pigment changes that arc limited to the peripheral portions of the 
fundus have little influence upon the sight; hut, during their development 
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in the centre of visioD, the patieat usually observes a decrease iu the 
apijareot blackness of printed characters^ and a tendency to their 
coalescence, sometimes in a horizontal, sometimes in u vertical direction. 
Many patients observe that printed letters appear to have a convex sur- 
face ; and, eveatualh% they lose perception of such small objects entirely, 
Olijective e?tamination disclosed to Coccius a small white spot in the centre 
of the macula lutca, produced by destruction of the subjacent pigment, 
and sometimes bounded by abnormal pathological pigment coUeetions. 

In simple atrophy of the epithelial pigment layer we see dark inter- 
spaces, in the form of light brown or gre\ish-red spots, which become more 
and more sharply detitied, and assume a darker and darker tint, until they 
become deep brown or nearly black, and which separate bright red spaces, 
corresponding in shape to the peculiar distribution of the choroidal 
vessels. If the pigment of the stroma be very plentiful and dark, both 
tilling the interspaces and covering the vessels, the latter will appear red- 
dish, and the former dark, or even black. If the pigment be plentiful and 
dark, but chiefly occupying the interspaces, and scarcely covering the 
yessels^ the latter will be yellowish or ycllowish-rcd, and the former of a 
lighter or darker reddish-brown* Where the stroma pigment is only 
moderately daik, and is limited to the interspaces, these will appear of a 
light redtlish-brown, and the vessels will be more yellow. And laiitly, in 
cases where atrophy of the pigment layer is attended by atrophy of the 
pigment of the stroma, the interspaces present a lighter colour than the 
vcsisels ; so that while the latter are of a dark orange-yellow, the former 
will be of a bright light yellow. Such appearances seldom extend over 
the whole fundus, and it is usual to find more than one of the above con- 
ditions existing in different parts of the same eye. 

The lamina elastica undergoes peculiar changes, first described by 
Dondera as colloid formation of the nuclei of the pigment cells j then by 
11 » Miiller as thickening of the lamina elastica. This process has, with 
few exceptions, been seen only in the eyes of persons of from 70 to 80 
years of age; the chief exception being recorded by Liebreich, who 
found, in the eyes of an individual of 26, peculiar, only very faintly 
marked figures in the choroid, that, in more ciu^eful examination, showed 
themselves as dark circles, inclosing smaller bright spots. They were 
formed of pigment cells, full of granules, collected round others that were 
less filled, and were scattered over the whole of the visible choroid. In 
section there were found bowl-shaped thickenings of the lamina elastica, 
extended equally over a great part of the choroid. These, at their 
greatest prominence, had pressed together and destroyed tlie pigment 
ceils, and had diminished the pigment in front of them while Increasing 
that at their circumference. 
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IV. COLOBOMA CHOROIDS, VAGEST^ NERYI OPTICI (ET LRIDIS). 
{lAehreich'a Altos, Plate jdi., Figs. 4 and 5.) 

In almost all cases of thia kind examined by Liebreich, he founds in 
different dco:reeSj the same ophthalmoscopic appearances. 

An oval white patch, with its upper extremity directed towards, or 
even inclosing, the optic nervcj and its inferior extremity approaching 
the ciliary processes. Over this patch were seen a few retinal, and some 
very slender, abnormally -directed choroidal vessels, that were lost laterally 
in the deeply-pigmented marfjiii of the fissure. The optic nerve, when 
only jnst involved in the coloboma, was sharply defined above, but 
laterally was only imperfectly distinguisbablcj by its somewhat more 
reddish or greyish colour, from the bluish white sclerotica. Its form was 
elliptical, with the long axis horizontal. 

The distribution of the vessels of the papilla has been extretneJj 
abnormal ; and the greater number of branches arc directed upwards in 
curved Hues, while only a few slender twigs pass downwards, 

Liebreich has repeatedly seen ciises in which an oval, indistinctly 
defined optic nerve was assiociated with a defect of the choroid at its lower 
aspect, like a posterior staphyloma, and in which he has assumed, from 
the vascular configuration characteristic of coloboma, that thia arrest of 
development was the cause of the appearance. 



V, AlllOPHY OF THE CHOEOID. 

The ophthalmoscopic appearances presented by this condition naay 
be inferred from anatomical considerations. With regard to these 
appearatices, it is important to observe that the retina, even in norntuil 
transparency and tension, reflects a certain amount of white light, 
especially if the cone of rays afforded by the mirror be allowed to fall 
obliquely into the eye. In turbidity of the retina the quantity of light 
reflected from it increases, and attains its maximum whcu the membrauc 
is uniformly folded. It is self-evident that, at the same time, the 
choroidal reflection niu^it be greatly diminished. The data necessary, in 
order to estiinatc the degree of diminution, are afforded by the intensity 
of tlie light reflected from the interspaccis between the retinal vessels, and 
by tlie extent of the changes of level of the retina itself. Only where the 
retina has entirely perished, can the ophthalmoscopic image of the 
fundus be accepted as the simple optical expression of the changes in 
the choroid. Absence of the retinal vessels, and their striking changes 
of level upon the fundus in nearly normal form of the globe, ore the 
indications from which such a loss of the retina, or of part of it, may 
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inferred. The quantity of blood coutained iu the choroid, togetlier with 
the preaeace of the pigraeot layer, cause the normal fundus to reflect 
a yellowish-red light; which, in great development of the pigraeut layer, 
becomes more or less intermixed with brown. The uucqual distribution 
of the pigment upon and in the choroid, is also productive of faintly- 
shaded lines, which give to the image some resemblance to watered silk. 
Diminution of the pigment to almost entire disappearance, loss of its 
colour, destruction of the thick vascular network, with the exception of 
a few trunks, and dwindling even of tlicse, constitute the anatomical 
characters of choroidal atrophy* It is evident, therefore, that the colour 
of the light that is reHected from the atrophied parts of tlie choroid 
and from the sclerotic, must deviate in a high degree from the normal 
standard. Such parts, in small degrees of atrophy, return yellowish- 
red liglit, iu higher degrees, dirty-grey or yellowish-grey, and in the 
highest degrees, even dirty-white ; and are, therefore, conspicuous against 
tlie surrounding choroid, that still contains blood, and retains its natural 
redness. In wasting of the central portion of the choroid, the limits of 
the brightly-yellow reflecting nerve-entrance become obscured ; although 
black pigment is often left, around the margin of the posterior choroidal 
opening, in the form of an irregular circle, composed of dots and little 
masses. This condition is not infrequent ; and only represents a special 
form of that reticulated or arborescent, striated or patchy aggregation of 
black or brown pigment granules, that is so often scattered over the 
surface of an atrophied choroid, and separated by hea[ied or isolated 
granules. The ophthalmoscope exhibits these variously-shaped collections 
of dark granular pigment with great cleai*ness, Tiiey furnish, in con- 
nection with the grey or dirty white refleetion from their background, 
a pathognomonic indication of choroidal atrophy. Pigment collections, 
that are due to metamorphosed extravasations of blood, present neither the 
same aspect nor the same colour; and, iu the retina, in which accumu- 
lations of dark-brown or black pigment may occur, there are no morbid 
conditions, that, even in the most extreme alteration of the ophthal- 
moscopic image that they can produce, present the most distant re- 
semblance to the condition above described* It is evident that any 
remaining choroidal vessels, after loss of the pigment that naturally covers 
them, will appear against the bright background iu clearer outliue. Tlieir 
ccnirse and comparative limitation will distinguish them sufficiently from 
those of the retina. (S tell wag.) 



lY. TUB SCLEROTICA, 

Within the structure of the sclerotic some small vascular twigs form a 
kind of wreath of vessels around the nerve-entrance. According to the 
ubaervations hitherto made by Jiiger, this vascular wreath is uot completely 
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developed in every eyCj since the two ciliary vessels that form it, often 
ramify in an abnormal way after their entrance into the sclerotic ; or ai*c 
extremely delicate, and penetrate but a short distance. Frequently one of 
them is absent ; and cases are not rare in which both are wanting. If^ 
however, the sclerotic vascular wreath be fully developed, as is usually the 
case, it surrounds the optic nerve closely at birth ; and, in the adult, forms 
a corona of size corresponding to the enlargement of the globe^ and usually 
farther distant from the nerve. 



I. INFLAMMATION OF THE SCLEROTIC. 

It is doubtful whether sclerotitis ever occurs as an original disease ; 
but it is common as an accompaniment and consequence of inSammatioas 
in the neighbouring more vascular structures. In thi;* phice we are only 
concerned with the inflammation occurring at the hinder portion of the 
eye, and designated sclerotitis posterior by E. Jager, who gives the 
following description of it : — ► 

Inflammatory processes in the posterior vascular region of the sclerotic 
would usually be concealed from ophthalmoscopic observation, were it 
not that the portion of the nerve within the sclerotic canal, sometimes 
also the immediately surrounding portion of the choroid, and even the 
nerve-surface itself, are nourished by the same system of vessels. 

In a generally normid condition of the eye this system is very small, 
and extends but a short distance beyond the optic disk. But, if the 
vessels of the sclerotic pierce that membrane farther than usual from the 
nerve, and surround it in wide curves ; or if there exist an ectasia (staphy- 
loma posticum), the territory they supply undergoes a corresponding 
extension beyond the papilla. The ophthalmoscopic signs of inflammation 
in their region are chiefly a deep redness of the nerve disk, and changes 
in the portion of choroid immediately surrounding the papilla — changes 
which, at least in their commencement, indicate more or less clearly the 
course of the sclerotic vessels. 

These changes of texture either develop themselves earliest and most 
clearly in the immediate vicinity of the papilla^ and form a more or less 
broad, bright, variously-coloured or pigmented band, surroimding the 
optic nerve^ cither in great part or completely (nerve halo of glaucoma), 
and usually broadest either downwards or towards the macula lutea, and 
narrowest in the opposite direction ; or they appear as single, isolated or 
grouped, smaller or larger, differently-coloured patches or bands, of the 
most various size, number, and shape, situated at a small distance from 
the nerve (upon the curves of the above described sclerotic vessels), and 
gradually increasing and coalescing until the disk is nearly or completely 
surrounded. 

Such patches usually increase eventually in a peripheral directiou 
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towanls the macula lutea, and tlie other parts of the fundus; and thua 
more or less exceed the bound iiry of the posterior sclerotic vessels. 

In this way the textural changes of sclerotitis posterior^ unlike those 
of choroiditis, form patches of various size and shape upon the fundus 
immediately around the nerve disk, and eitlier remain confined to the 
region of the posterior sclerotic vessels^ or extend into the choroid in one 
or in several directions, always with the nerve disk for a centre. It is 
from this extension, especially in the more intense degrees of sclerotitis, that 
choroiditis is so often developed, either simultaueously or as an immediate 
consequence. 

The textural changes of sclerotitis posterior occur usually in the same 
place and to the same extent as the cone visible with the ophthalmoscope 
in posterior staphyloma. It is extremely rare, however, for the two 
conditions to group themselves in precisely similar forms, 

II. SCLEBECTASIA POSTEBIOR. 
(LUbreirJia AHas^ Piaie iii.) 

(ScUfrntka-fuhoroidUia posierior of von Qnife, Staphjloma sclerott^^ podicum of 
8ca/rpa, Iteiro^mifive metamoipha^ia of the fibroite txs»ue of FUz* 
Atrophia choroiditis of Follm,) 
The recognition of this disease, so common as to be the cause of four 
Ired and twenty cases of amblyopia in a thousand, is so far easyi 
according to von Grafe, that the observer has usually to direct his attention 
only to the entrance of the optic nerve. 

He will there remark a white figure inclosing the outer margin of the 
nerve* In the early stages this figure is sickle-shaped, its concave margin 
in a certain degree coincident with the margin of the nerve-disk, while its 
convex'margin looks towards the posterior pole of the eye-ball. As the 
disease progresses, the white figure continually increases, so that its outer 
border extends farther from the nerve, and the whole patch changes its 
sickle-shaped outline in various ways; sometimes extending itself out- 
wardly, and assuming the aspect of a horizontal band proceeding from the 
papilla ; sometimes spreading ap wards and do svn wards, and appearing as a 
white figure of very variable outline surrounding the outer border of the 
nerve, and separated from the surrounding fundus by an angular and 
indented margin. Lastly, the degeneration may also encircle the inner 
side of the aerve-cu trance, so that the latter appears as an island inclosed 
in a white or sometimes a bright green- coloured surface, the outer part of 
whicli, however, is always more developed and broader than the inner. 
The li^^ht reflected from the diseased surface exceeds every other ocular 
reflex in its intensity, and is much bri^ihter and whiter than that from the 
optic nerve; so that the latter appears comparatively less illuminated, and 
of a dull grey or reddish tint, 
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The retinal vessels can be distinguislied upon tlie white diseased surface 
more clearly than in the normal state ; and, since tlie observer can perceive 
even the finest branches, it is very easy considerably to over-estimate the 
actually existing hypcrtcniia of the retina. Another error dependent 
upon the illuraination is that the retinal vessels appear to vanish at the 
periphery of the white figure, and to be lost either in the deeper parts of 
the textures or in accumnlations of pi^ment^ an error depending upon the 
fact that the vessels become less evident as they pass over to a darker 
background. 

The degree of ectasia, according to Liebreich, cannot be correctly 
estimated from the size of the bright figure alone. It is necessary to 
scrutinize its peripliery, and the whole circumference of the nerve. There 
is sometimes a very extensive staphyloma, when, nevertheless, tlie bright 
crescent around the nerve is but narrow. In such cases, upon close 
inspection, and by a comparison of the parts immediately beyond the 
crescent with the more peripheral portions of the fundus, it may be seen 
that, beyond the white figure upon which the choroidal atrophy has already 
peached an extreme, or, at least, a very high degree, there is a second 
2one^ within which the texture of the membrane is much disturbed, and 
the pigmentation of the strooia diminished, although not sufficiently so 
to give, at first glance, the appearance of atrophy. If the more peripheral 
portions be examined and compared with this second zone, the difference 
between the two will be easily perceptible — a difference that is sometimes 
sharply defined, and sometimes passes away through intervening gradations* 
When defined, the boundary sometimes coincides with the course of a 
curving choroidal vessel^ passing to a vortex near the papilla. The 
boundary is more difficult to define, when the epithelial layer is still darkly 
pigmented. It is then best to examine by the side of the retinal ittiagc of 
the flame, by means of transmitted light ; and in this way only can bo 
recognized, in other cases, the commencement of sclerectasia, at a period 
when, to ordinary observation, the choroidal texture appears perfectly 
normal up to the margin of the nerve. If a bright image of the flame be 
cast upon the choroid, the observer sees the parts, that this imjige illumi* 
nates, by reflected light ; but the parts lying next to the image, and 
also luminous, are seen chiefly by transmitted light, returned from the 
structures beueatli them. Tlie latter kind of illumination, while the 
epithelial pigment-layer remains, is the best for the detection of textural 
changes in the stroma. In this way may be discovered a crescent of the 
ordinary form, on the outer side of the nerve, covered by stroma already 
considerably wasted and deficient in pigment; while the epithelial layer 
remains perfect, and, in examination by reflected light, conceals the 
subjacent changes. 

In the vicinity of the chief figure may often be seen smaller instU 
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wTiite spots^ of entirely similar cluirnctei'j hut of a less degree of devdop- 
raetit. By their accumulation about its margin, the chief figure assumes 
an irregular, notched, or indented appearance. The latter indicates a 
rapid progress of the disease; while, on the contrary, a distinct limitation 
imd pigmentation of the chief figure show a stationary condition- 

The appearance of the pigment is highly characteristic. In lesser 
degrees of development of the white figure the pigment commonly dis- 
appears entirely from within its boundary, but collects at its outer margin in 
greater amount than on the surrounding parts of tlve fundus ; so as to 
render the belief possible that its collection depended upon its being 
pushed onwards by the development of the white figure, around which it 
often appears as a bright brown band. In cases of extensive disease there 
is usually abnormal pigmentation %vithin the limits of the figure, which 
then appears broken by brown and black spots and irregular niarks of all 
kinds, over wliich the retinal vessels proceed undisturbed; these marks 
being chiefly towards the posterior pole of the globe, and at the 
prominences of the angular margin of the white figure. 

The retina usually presents no abnormal appearance, although in 
isolated cases it is marked by small greyish spots, both over the white 
figure and in other portions of its surface. The choroid, on the con- 
trary, is never natural in the neighbourhood of the disease, and at least 
presents an abnormal ditference between the luminosity of the vessels and 
of the intervascular spaces— the former appearing of a brighter red, the 
latter darker, bluish, or even violet ; appearances depending upon alterations 
in the pigment. The aspect of the choroid becomes still mure variegated, 
when, as often happens, it becomes the seat of ccchymoscs. 

Licbreich found the shape of the optic nerve to be oval, in all the cases 
in which the atrophied choroid formed a sharply-defined crescent, situated 
exclusively upon one side of the papilla, hut only seldom in cases in which 
the nerve was surrounded on all sides. " The oval of the papilla deviated 
from a circle sometimes more and sometimes less ; and in one case I foundj 
by micrometric measurement, that the vertical diameter was twice the 
length of the horizontal. The extension of the ellipse hears no constant 
proportion to the size of the ectasia ; so that a very much elongated nerve- 
disk may be found with a small ectasia, and vice-virHd, The direction of 
the greatest diameter appears, however, to be essentially dependent upon 
the ectasia; in such a way that it is perpendicular to its chief direction. It 
is therefore in the majority of cases vertical, since the ectasia is com- 
monly directed horizontally outwards- On the contrary, 1 have seen the 
long diameter of the nerve-disk horizontal, when the crescent was situated 
at its lower margin; and, in some few cases, I have seen the disk com- 
pletely oblique, its long diameter passing from downwards and inwards 
upwards and outwards, while the white figure was at its outer and lower 
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Bide." Of this appearance Jager gives the following expLmation : — "la 3 
exaraining in the erect image an eye reodered short-sighted by a bi^bj 
degree of staphyloma posticum^ and still more iti the inverted image^ tb 
observer is often led to think the nerve-disk longer and more oval than it^ 
is in reality. 

'^The reason of this is, that the plane of the nerve-surface is often situated 
very obliquely to the axis of the examined eye, especially in those staphylo- 
matous ectasiae in which the nerve-disk is exceiitric. The disk, in such a 
case, only appears to be long or oval ; and would appear more circular, if its 
plane could be rendered perpendicular to the visual axis of the observer. 
A further source of error is that the margin of the choroidal pigment, 
which in a healthy eye coincides with the margin of the choroid itself, and 
therefore exhibits the same outline as the nerve, in cases of staphyloma 
posticum often presents a more flattened curve, on the side opposite to the 
crescent, than that of the actual clioroidal margin. Opposite the centre 
of the crescent the choroidal pigment reaches nearly to the nerve ; but its 
boundary line recedes from that of the nerve on both sides of this central 
point, and thus the disk appears elongated in a direction perpendicular to 
the greatest width of the crescent. And, in an opposite direction, in the 
direction of the width of the crescent, the observer is often led to under- - 
estimate the transverse diameter of the nerve j since, in consequence of tboj 
peculiar textural changes of the choroid, the outer margin of the ring ot 
connecting tissue becomes more or less completely obliterated. The 
observer is then easily led to mistake the inner edge of the ring of con- 
necting tissue for the outer margin of the disk ; and therefore, in judging I 
of the diameter of the latter, to under-estiraatc it, in the direction of the 
width of the crescent, by the whole width of the connecting tissue/' 

Another frequent source of error with regard to the shape of the nerve- 
disk is that the choroidal pigment, on the side opposite to the crescent, 
may actually cover the nerve-surface to some extent. The unpigraeutcdj j 
bright, normally-coloured portion of the disk thus obtains a decidedly ovull 
or elongated aspect, which in no way corresponds with the actual outline, 
as it would be revealed by dissection. 

A sclerectasia posterior, in a certain degree established, always pro- 
duces a myopic condition of the eye; and to the myopia, a certain grade of 
amblyopia becomes soon superadded — showing itself first by the imperfect 
correction of the myopia that can be obtained by concave glasses ; and next, , 
by diminished power of vision, even for the nearest distance* Manj 
patients are very susceptible to wind, which produces dazzling, and some- 
times subjective sensations of light; and feelings of pressure and tension I 
in the depths of the eye are seldom absent* The patients may often I 
possess tolerably good sight, until the wliite figure reaches the macula lutea^ 
when they perceive a black spot in the field of vision, which considerably j 
iutcrfcrca with seeing, and especially with reading. 
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There may occur m compU cations : — I, Opacities in the vitreous body. 
2. Separation of the retiiui. 3. Turbidity of the posterior pole of the 
lens, ophthalmoscopically indicated by n spotted opacityi that in move* 
mcnts of the eye appears to belong to the corneal reflection — this has its 
seat in the posterior cortical substance, and may remain a long time 
stationary. 4, A gradually-occurring glaucomatous condition, about which 
von Grafe observes : " 1 have seen iu old persons^ who have suffered from 
posterior sclerectasia for an indefinite time, the occurrence of lateral con- 
traction of the field of vision^ with increasing weakness of sight. Further 
experience taught me that in such cases excavation of the optic nerve, and 
signs of increasing pressure, usually develop themselves. The excavation 
of the nerve is never so clear and strongly marked as it is iu the absence 
of sclerectasia posterior* This may be easily nnderatood from the 
anatomical condition of the parts, inasmuch as the sclerotic immediately 
around the nerve, when somewhat loosened, does not present its natural 
power of resistance^ but yields to pressure, so that a sharp cupping of the 
optic nerve cannot be produced, but only a gradual sinking, the margin of 
which will show little dislocation of the vessels. This depression may be 
Jistinguislied from a strongly-marked physiological concavity of the 
disk (H. Mailer), by its extending to the periphery of the nerve, while the 
latter only atiects the centre, the part immediately around the vessels. 
The aspect of such a nerve is sufficiently characteristic* In common 
sclerectasia posterior its margin is almost obliterated, and the disk and its 
surrounding parts present a similar appearance ; so that the limits of the 
former can often only be deternjined hj the aid of the nerve outline still 
visible, perhaps, on the inner side, by the appearance of the vessels, or by 
the recognition of atrophied choroidal tissue over the sclerotic. In the 
cases under consideration, however {i.e. sclerectasia with excavation), the 
nerve- disk is clearly marked in the middle or to one side of the white 
figure. This alone may excite snspicion ; and more exact examination in 
the usual manner will discover the surface of the disk to be hollowed. In 
these cases a considerable deviation of the vessels is not to be expected, 
but only a small displacement; and the kind of illumination of the disk 
characteristic of cupping will be only moderately conspicuous. With the 
occurrence of excavation in sclerectasia posterior, the previously soft globe 
becomes more tense, the pupil somewhat dilated and sluggish, although 
not fixed, and the cornea somewhat insensitive. The field of vision 
becomes contracted, sometimes concentrically, sometimes laterally, and 
the disease may proceed to almost complete blindness/' Von Grafe's cases 
were chiefly thc^e of sclerectasia posterior in persons more than 50 years 
old, with high degrees of amblyopia, and with neither di^ase of the vitreous 
body, separation of the retina, nor cataract, to explain it. They had in 
some cases central scotomata, in consequence of extension of disease to the 
macula lutca. 
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5. If cboroitliti& sliould attack an eye suffering from staphyloma 
posticura, there will be produced, according to Jager^ usually first 
in the region of the luacula lutea, or in its immediate vicinity, one or 
more patches of effusion, separate<l from the bright surface of the 
st»phyloraatous cone by broader or narrower strips of normally.colo tired 
surface. By degrees these effusion patches enlarge, and fresh ones appear 
in their vicinity, at more or less distance from the nerve, and also towards 
its inner side. These constantly increase in magnitude, gradually approach 
one another in all directions, coalesce, and form a circular patch upon the 
fundus. By this enlargement, and by its continued progress, the 
unchanged cone is continually approached, the bridge of normal texture 
separating it from the effusion is constantly diminished, until the latter 
at last surrounds and joins not only the cone, but the whole outline of 
the nerve. 

The cone itself remains unchanged j but the continued increase of the 
effusion-patches at last obliterates its margins, either by the coalescence of 
the white surfaces, or by the destruction of the band of pigment «ur- 
rountliog the cone ; and at last the nerve appears as a faintly-reddish disk, 
situated in the centre of an irregular yellowish- white brightly^shining 
surface, more or less broken by extravasations and pigment masses. Tn 
rare cases the effusion-patches appear at first in the immediate vicinity 
of the cone, and immediately destroy its characteristic appearance. The 
choroidal inflammation displays itself chiefly by destruction of the 
epithelial pigment layer, in consequence of which the larger choroidal 
vessels and the pigment of the stroma are rendered more visible. Hence 
the dark pigment boundary of the cone is often long preserved, and, after 
the development of other appcaninccs, remains as an indication of the 
original disease, 

6, If a sclerotitis posterior should be developed in an eye that is the 
subject of a cone, the invasion is marked, according to Jager, chiefly by 
disturbance and extension of the boundary of the original mischief. The 
cone enlarges, not uoiformly, and retaining its former fihape, as it would 
do in physiological increase ; but it spreads, by the destruction of its pig- 
mented margin, either cliieily towards one direction, or simultaneou^ily in 
several, and thus obtains an extremely irregular appearance, its boundaries 
conforming more or less to the course of the larger choroidal vessels, and 
the characteristic aspect of the surface of the cone being destroyed. In this 
way the extension of the sclerotitis to tlie choroid may surround the 
nerve-disk with a white surface, like that described in the fore^iog 
paragraph. 

With regard to the essential nature of the morbid process in sclcrec* 
tasia, it is attributed bv von Grafc to a clironic inflammation of the choroid ; 
and, as the disease involves the back part both of this membrane and of the 
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sclerotic, he assigned to it the name sclerotico-clioroiditis postenor, 
Liebreich considered the first stuge to be the deposit of a tliin exudiition 
ayer on the inner surface of the choroid, with subsequent absorption of 
"its stroma and prog:res3ive chauj^es in the eflFusion ; FoUin believed the 
chief conditions to consist in removal of the pijcnient with obliteration 
and absorption of the choroidal vessels ; while Pilz regarded the disease 
as a non-inflammatory disturbance of the nutrition of the choroid, showing 
itself — 1. In auch an extreme partial contraction of the connecting tissue 
of the membrane about the nerve-cn trance, that the vessels in that 
situation become obliterated; and, 2. In the disappearance of the 
pigment from the atfected localities, and an accumulation of it, as if it 
were pushed forwards^ upon the boundary of the disease. Lastly, After 
Tery numerous aud careful examinations, Jii^cr has arrived at the con* 
elusion tbat the peculiar anomaly of formation is usually congenitalj verv 
often hereditary, and then associated with no functional disturbance of 
the retina, and never to be considered as the result of an inflammatory 
process* 

According to von Grafe, pathological observation reveals : — A re- 
markable elongation of the eyeball from behind forwards, with bulging 
of the posterior hemisphere (especially pronounced, in extreme cases, at 
the region of the posterior pole), while the vertical and horizontal diameters 
are scarcely increased. A considerable thinning of the posterior segment 
of the sclerotic, and a bluish tint of the thin portion, which is not to be 
referred to a transpicuity of the choroids colour, but is the optical 
expression of the semitransparent portion of sclerotic itself. The stroma 
of the choroid, in the locality of the white figure seen with the ophtlial- 
moaeope around the optic nerve, is greatly thinned, so that it appears 
changed into a lax web of connecting tissue, adherent to the inner surface 
of the sclerotic, and exhibits no trace of the vessels peculiar to the proper 
choroidal structure. Near the boundaries of the white figure, the 
choroidal stroma becomes again more distinct; but still the membrane, 
beyond the apparent disease, and usually over its whole extent, is thinner 
than natural, and its pigment-layer extraordinarily defective. The latter 
is entirely removed from over the limits of the white figure, except 
that occasional black patches may be seen. These are pathological 
pigment accumulations, and always lie close to the points of entrance of 
the posterior ciliary arteries, which sometimes in the neighbourhood of 
the white patch are found completely obliterated, and sometimes they 
mark the receding angles of the white figure, and thus form divisions 
between its several projections. The retina, of normal aspect, covers the 
white spot with all its elements, and only occasionally presents small knot- 
like thickenings. The vitreous body, in cases of advanced development, is 
somewhat fluid, — the Icus opaque at its posterior pole. 
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F. THE REFRACTTNG MEDIA. 

The coDclitioii of the refracting media plays a highly important pa 
ill ocular pathology, since it often depends entirely upon tlieir healthy or 
diiseased condition, whether the parts lying behind them can be examtued 
with the ophthalmoscope or not* They require, therefore^ in e%'erj 
ophthalmoscopic examination^ the most careful study, bajsed, generally 
speaking^ upon the following considerations^ | 

The examination must always be made with a folly-dilated pupil^ 
since otherwise a large part of the anterior portion of the vitreous would 
escape observation, and the field of vision would be contracted by tlie 
narrowness of the pupil, as often happens, unfortunately, in cases of 
synechite after iritis and anterior choroiditis. 

The method of illumination deserves particular attention, since, for 
example, opacities of the lens and vitreous body are seen, by transmitted I 
light, as black bodies upon a red ground ; while, by incident light, they 
appeal" in their true colours. If we seek the reason of this difference, 
it depends only in small part upon the opacities being insufficiently 
ilium iuatcd from before, and chiefly upon the following considerations : — 
The opacities that present only small surfaces, as dots, granules, threads, 
or streaks, are those that appear dark against the illuminated fuudus^l 
since their small surfaces can reflect but little light, and, even collectively, 
can intercept but little, so that, notwithstanding their presence, the ' 
fundus becomes thoroughly illuminated, and they appear black by reason 
of the contrast between their reflection and that of the fundus. On the i 
contrary, they are seen in their true colours when they are lighted up^l 
the fundus being in shade, as in lateral illumination. Both kinds of | 
light should therefore be employed, and by preference the ophthalmoscope 
for bodies in the posterior half of the globe, and lateral illumination for 
bodies in the anterior half. 

Furthermore, it is important in many cases to determine the depth 
at which opacities are situated ; for which purpose the foUowing methods 
are used. For examination of the erect image, the application of concave 
and convex glasses. All objects, placed in or behind the focus of a 
dioptric apparatus, can only be seen in an erect position by the aid of 
a concave Icnsj while objects that can be seen with the unaided eye, or 
with a convex lens, must lie within the focus. Our judgment upon the 
precise position of the examined objects may therefore be guided by the 
strength of the concave or convex lens through which they are clearly 
visible. For examination, in the inverted image, of objects lying near the 
retina, we have recourse to the same slight movements of the convex Icnt^j 
in a direction perpendicular to its axis, the eyes of both observer and 
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patient being at rest, that hnve been described already under the head of 
excavatioii of the nerve- disk. Objects lying near the observer appear 
to follow the movements of the lens; and objects raorc distant to move in 
an opposite direction. For example, if a thread-like opacity were to proceed 
from the posterior pole of the lens, straight through the vitreous to the 
centre of the retina, it would appear pnnctiform when seen from before. If 
the convex lens were now moved slightly right aud left, the anterior and 
posterior extremities of the opacity would appear to make, respectively, 
the movements above described, and it would be seen no longer as a 
point, hut as a line, of a length depending upon the extent of the lens 
movement. As a further means to the same end, in observation of the 
inverted image, we may observe the changes of place of the objects in 
movements of the patient's eye. If, for example, the observer look in 
such a direction that his line of sight pjisses through the turning-point 
of the patient's eye, this point alone, in all movements of the eye, will 
remain stationary, while all other points move in relation to it; those 
lying in front of the turning-point moving in the same direction as the 
cornea, those lying behind it in the opposite direction, and passing over 
a greater distance, the farther they are remote from the turning-point. 
The corneal reflection (of the mirror) remaining stationary in the axis of 
vision, the pupillary margin, and, for deeper objects, the image of the 
fundus, even when somewhat obscure, assist in the exact determination 
of the movements described. 

Lastly, it should be mentioned, that certain changes in the refracting 
media produce an appearance as of misty spots upon the retina, and 
obscure the images of the apparently turbid portions, llicsc appearances 
»re independent of the retina, and are projected upon it by turbidities 
M the refracting media, connected with irregularities of their surfaces. 
The observer must, therefore, be upon his guard against misinterpreting 
them, in eases of commencing cataract, and of changes in the cornea 
(facets with or without important opacity). 



1. THE YITREOUS BODY. 

In examination of the vitreous body, it must never be omitted to 
make the patient's eye move upwards, downwards, inwards, and outwards; 
movements that should be short and quick, and many times repeated. 
This is necessary, partly in order to form a correct judgment with regard 
to the consistence of the vitreous, and partly in order to shake up and 
bring into view opacities that may have sunk as far as possible in the 
fluid humour. It should be observed here, that even a complete fluidity 
of the vitreous will escape observation, unless attended by some small 
opacities; and further, that in a perfectly normal condition of the 
humour, opacities still have some mobility, showing itself in a slight. 
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scarcely visible trembling, corresponding in its precise degree with tboj 
precise consistence of the vitreous. 



1. OPACITIEU'^ IN THE VITREOUS BODY. 

Besides the opacities produced by effusion of blood, which will 
described hereafter, there are found, in the mostly fluid vitreous^ opacitic 
of the most varied kind and shape, in various conditions, such ascon^estii 
and inflammatory diseases of the retina and choroid. These opacities ai^j 
apparently due to inflammation of the vitreous body* 

With regard to form, they appear, according to von Griife, as : — 

a. Punctiform or diffused opacities , which arc the most difOcult ta^ 
recognize, since they produce a fine veil over the retina, and obscure the 
sharp outlines of the nerve entrance, the retinal vessels, and so forth* Bj 
more accurate examination, this veil may be resolved into an innnmerable^ 
nmltitude of fine points, a proceeding particularly difficult when the poiots 
are situate not in the same, but in diflerent layers of the vitreous. In such 
cases, the highest attainable magnifying power must be used, and the ob- 
server, with due reheard to the strength of the convex lens, and his ownj 
distance from the objects, must by degrees accommodate his eye for diflerent \ 
depths in the vitreous body. If the opacities lie in one layer, they present 
the appearance of a finely-sprinkled translucent membrane, whiclj, through 
shifting of its different portions, seems sometimes collected together and 1 
sometimes spread out, and appears to draw a net, or fine web, here and 
there before the fundus. If they lie in different depths, they appear- 
collectively as an infinitely fine dust or spray, that in movements of the 
eye collects in parts into somewhat denser masses, and in a fixed position^ 
either remains uniform, or sinks to different depths in diff'ercnt regions 
of the eye. 

These opacities disturb the sight far more than large but circuoi- 
scribed bodies, so long as the parts of the vitreous body between the latter 
remain perfectly transparent. In this respect there is resemblance to < 
what is seen in the cornea and lens, in either of which structures dense \ 
defined opacities, wlieu they leave part of the area of the pupil free, pro- 
duce far less disturbance than opacities that are finer and more difl'used, 

i. Filamentous opacities show themselves with the ophthalmoscope 
as apparently dark, simple, or sinuous threads, that in movements of the 
eye shorten and again elongate themselves. The patients are accustomed 
to compare them to snakes, the legs of insects, and so forth. 

e. Menihrtinous opacities form strongly- translucent, fmely-sprinklcd 
membranes, which may cither roll themselves up or unfold, and thcrcforej 
present very varied aspects. Their shadows produce to the patient th« 
ap[>earance of a cobweb that is suddenly developed, and that again fulls 
suddenly into separate threads. 
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d, Fhctuient opaciHes form single masses of various extent, and arc 
coroparetl to snow flakes^ small clouds, coagula, &c. 

e, Cholesterifi€ cryaiais are often found near any of the above- 
described^ or near wholly irreg^ular opacities, and constitute the disease 
of the vitreous known as s[)arkling synchysis* This presents with the 
ophthalmoscope a particularly beautiful and interesting appearance when 
membranous opacities arc also present^ as these are then strewn over 
with shining particles, and shot in the most varied colours j while in 
movements of the eye the crystals scatter themselves in all dii*ectious, 
looking like a golden rain, or a shower of sparks from a firework. 

The colour of all the opacities is, in most cases, greyish-blue; they are 
rarely like pigment, but are frequently tinged by blood, from a bright 
rust-yellow to a dark red-brown. Desmarres described, as ^tat jumenleiix 
of the vitreous body, a condition in which it had, from the presence of a more 
or less considerable number of microscopic corpuscles, a tint resembling 
that of the urine of a herbivorous animal, through which the papilla 
nervi optici had the appearance of the sun seen through a mist. The 
sea-green or bottle-green colouring of glaucoma disappears in ej^amination 
with the ophthalmoscope ; and therefore depends on the optical eflfect 
produced by the presence of yellowish tints, or tints intermediate between 
yellow and red, from blood colouring of the refracting media. 

To this section belongs also a turbidity, equally colourless both 
by reflected and by transmitted light, and not occasioned by the presence 
of solid matters, but to be recognized by the following indications, ac- 
cording to Coccius, as being produced by a homogeneous fluid : — The 
retina appears turbid and indistinct, as if washed out, whether the eye, 
before the occurrence of the disorder, was normal-sighted or not. Since 
the volume of the contents of the globe has been increased, the refracting 
power has been increased in like proportion. An emmetropic eye would 
in this way be rendered myopic. In myopia, the increased refraction 
can be diminished by concave lenses, until the objects of the fundus 
are seen in sharp outline, and at the same time more brightly illuminated ; 
since the focus of rays will be no longer in front of tbe retina, but upon it. 
If the same proceeding be attempted with an eye sufleriug in the manner 
described, the details of the fundus will certainly appear in sharper 
outlines, but the turbidity will not be removed, and upon this circumstance 
the diagnosis may be based. 



2. FOHliaK SUBSTAKCXS IK THE VrrajSOUS BODY. 

Effusions of blood in the vitreous occur chiefly after wounds, after 
at bodily exertions, or in diseased conditions of the choroid and retina 
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(especially sclerectasia). With the ophthalmoscope a recent effusion 
appears as a dark mjiss, that chiefly occupies the lower portion of the 
eyeballj and completely conceals the parts of tlie fundus that lie behiiid it, 
and that by degrees again become visible with the progress of absorption. 
After the breaking up and partial dissolution of the clot, there may be 
seen little lumps^ spotSj or threads^ varying in colour from rusty-yellow 
to dark reddish-brown, floating in the vitreous, and, as they readily sink 
in the fluid humour, often escaping the observer, if he neglect to caufia 
the quick movements already described. 

Spontaneous effusion of blood commonly makes itself known, sub^ 
jcctivcly, by the sudden occurrence of a dark spot, a cloud, or a mist^ 
in the field of vision, as if from the intrusion of some foreign substance, 
and often leading to endeavours for its removal. Sometimes there is also 
a feeling of pressure, as from the presence of a foreign body. Later, the 
impediment to eight reveals its character by its reddish or greenish tint, 
by a certain degree of mobility in the field of vision, and by an outline 
that could only be assumed by a fluid specifically heavier than the vitreous 
body, lying in front of the retina. Such a limited effusion appears to the 
patient as a black, circular, or oval disk in the field of vision, differing in 
different cases in its apparent size and distance from the eye; but, on the 
whole, always retaining the same relative position in tlxe field, except that 
in course of time it siuks, appearing to the patient to rise higher. After- 
wards, when breaking up of the clot and absorption are in progress, and 
the specifically heavier parts have sunk, and in quick movements have 
lost their sharp contour, and appear translucent, thinner, reddish, rust- 
brovrn, dark green or grey ; these parts in repose of the eye are seen 
towards below, and in quick lateral movements, for instance, in rapid 
adduction of the globe, they pass like tails from without inwards. 

2. Solid Foreign Bodiet in the VHreau*, 

Bodies penetrating the vitreous from without are seen at first, with 
the ophthalmoscope, according to Ed, Jager, lying upon the yellowish-red 
fundus perfectly clear, sharply defined, and in proper colour. After some 
days, coiucidently with the development of local retinal or choroidal 
inflammation, there occurs slight greyish opacity of the vitreous in the 
immediate neighbourhood of tlie foreign sub^^tance. This opacity, ap- 
parently spreading from the periphery towards the centre, and increasing 
in density, first surrounds the substance in the form of a strongly-shining, 
yellowish-wliite, broad border, and, in the beginning, only obscures its 
outline, while its surface, by its darker colour, remains strikingly apparent. 
By degrees the opacity of the vitreous gains ground , and closes in from 
the periphery to the inner surface of the foreign body, so as to cover 
it and wholly withdraw it from sight. The subsequent changes depend 
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upon the dirainutioii or increase of the local inflummation. In the 
fonner case, in from one to two weeks, under dimiantion of the infiam- 
niatory processes in the choroid and retinaj the circumference of the 
exudation inclosing the foreign body diminishes ; and after the turbid 
vitreous has become clear, there remains only a dense membrane inclosing 
the foreign body, so that the observer sees only a well-defined yellowish- 
white capsule or cyst, reflecting light strongly, having a general cor- 
respondence with the shape of the substance, and somewhat larger dimen- 
sions, In the latter case, atrophy of the eyeball will be the result. Von 
Gnife has lately observed cases in which no process of secretion from the 
inner membranes occurred, and in which small or even middling-sized 
bodies reached the inner membranes without inflicting any damage, and 
remained in them free and not encysted. The track by which a foreign 
substance has reached the interior of the eye, shows itself aa an opacity^ 
bluish -grey by reflected, and black by transmitted light. 

Foreign bodies iu the vitreous, like blood effusions, produce a defect 
in the field of vision corresponding to their size and their position. 
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3, Enioz&a in the Viireout, 

Cysticerci in the vitreous body usually present exactly the same 
appearance as when under the retina, except that they are often more 
easily and clearly recognized when floating in the humour without investing 
membrane. For perfect certainty of diagnosis, it is absolutely necessary 
to see the raovementa of the creature. Unfortunately, this is not always 
possible, since a system of concentric membranes often surrounds it 
like a bladder, and renders it less apparent* This appears to be always 
the case when the parasite has attained a certain degree of develop- 
ment. The ultimate result, according to von Grafe, is invariably phthisis 
bulbi. 

A ease unique of its kind was described by Quadri to the Ophthalmo- 
logical Congress at Brussels, in which a living Filaria oculi humani 
(Rudolphi) had been observed in the vitreous body of a woman tliirty 
years of age. She possessed with this eye completely normal sight, 
except that the movements of the entozoon across the field of vision 
produced a momentary opacity like that of a common fiocculus. The 
Filaria had before been found only in the anterior chamber of a liorse, 
and In the human crystalline lens after death. 

4. New Vancular F<fnnaliOHt* 

Coccius has had one opportunity of observing a new formation of 
vessels proceeding from the retina into the transparent vitreous. He has 
also seen a similar formation upon the white surface of an organized 
exudation formed within the vitreous body. In the former case — 
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''The patient had suddenly perceived a smoke-like cloud before her 
sight, and the eyes had been somewhat reddened. At the time of coiu 
sultation they appeared natural, the irides hright green, the pupils 
soniewliat shiggiah. Ophthalmoscopic examination showed that the 
vitreous was completely infiltrated with small punctiform opacities, and 
was in great part fluid. Single particles floated behind the leus across the 
whole vertical and horizontal diameters of the eye, and the central ma^s 
of the vitreous moved together in such a manner that a relaxation of iCa 
tissue was necessarily assumed. At the fundus were seen a number of 
vessels, which, in the different positions of the eye, moved gradually to 
and fro. They were most developed in the right eye; and the longest 
vessel reached forward into the middle of the vitreous, where it ended lu 
a long pointed wliite thread, that was lost in the npper portion of the 
humour. In the right eye, towards tlie inner and lower portion, 1 
observed such threads proceeding from several shorter vessels, that 
were, after careful inspection, identified as capillary loops. The vascnlaritj 
of the retina was extraordinary; and when tlie eye made quick movementa 
the observer could see move, in small curves, vessels which, when the eje 
was at rest, appeared to be lying upon the retinal surface. The veins of 
the retina were remarkably winding, and in many places completely con- 
cealed by the turbidity of the membrane. The patient was placed under 
antiphlogistic treatment, and examined almost daily. After some weeks 
the vitreous body had become visibly clearer, and the patient could discern 
print, as dark lines, with both eyes. After one more weekly examination, 
I arrived at the conclusion that the vessels in the vitreous were offshoots 
from the retinal vessels. At the beginning, I could not discern their origin 
clearly, prior to the partial clearing of the turbidity* The new vessels were 
connected partly witli venous, partly with arterial retimd vessels, and were 
equal in diameter to the medium sized arterial twigs of the equatorial 
They all arose from the neighbourhood of the optic 
of which was wholly obliterated. The vessels of the 
lower half of the right eye passed perjiendicularly into the vitreous. In 
the left eye the retinal vascularity was less, and the capillary loops were 
ranch shorter ; but the degree of turbidity was the same as in the other. 
On the morning of the thirty-fourth day of treatment, the patient com- 
plained of an increase of blindness in the right eye. After dilatation of 
the pupil an examination was made, and it was found that a conssiderable 
haemorrhage had taken place from the capillary loop that extended 
farthest forwards into the globe, and that no clear view of the retina could 
be obtained. After further treatment, the vitreous again became clearer 
and the vision better ; but a short red streak, with a clubbed extremity, 
remained for weeks at the end of the capillary loop. The patient then 
discontinued treatment/' 
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2. THE CRYSTALLIKE LEN9. 

It would be superfluous to attempt to give a complete description of 
all tbe possible morbid changes in the lens that can be seen with the 
ophthalmoscope, and I shall therefore be content to point out the most 
important mattex*s in the ophthalmoscopic examination, and briefly to 
mention the chief forms of lenticular opacity. 

While these opacities are, for the most part, discernible by examina- 
tion in daylight with a magnifying glass, yet the inspection with the 
ophthalmoscope has these great advantages, that it shows the presence of 
opacities which, on account of their fineness, could not be recognized by 
the examination with incident daylight; and that, in opacities of greater 
degree, their depth and extent can be more accurately seen against a 
brightly-illuminated background, and the degree in which the subjective 
sight-disturbance is due to their presence can be more certainly deter- 
mined. The means for this are afforded partly by the ophthalmoscope, 
and partly by lateral illumination ; which is, in such cases, of paramount 
advantage, inasmuch as it displays the smallest changes in the transpa- 
rency of the lens or its capsule, of whatsoever nature they may be, with 
the greatest accuracy that is attainable iu the living subject. In the 
application of the oplithalmoscope only a weak illumination should be 
used, which is best furnished by a plane mirror alone; although a convex 
lens may with advantage be placed behind it, so as to make objects appear 
larger and clearer* 

In complete absence of the lens, it is naturally impossible, even when 
no concave glass is used, to bring the mirror close to the eye of the patient ; 
and, on account of the absence of this strongly refracting medium, the 
observer must place himself several inches distant. The nerve surface 
and vessels, through the remaining i-cfracting media, appear comparatively 
small. The focal point of the conjoined refracting apparatus is placed, 
in such a condition, so far behind the retina, that this membrane is seen 
only slightly magnified ; and such an appearance of marked diminution 
should produce suspicion of the absence of the lens. On account of the 
strong divergence of the emergent rays, a short-sighted observer must iu 
such a case use a very weak concave glass, or generally even none ; and a 
far-sighted observer must use a convex glass, in order to see the retina 
clearly. 

Opacities in the lenticular system are distinguished from those 
in the vitreous, partly by their shape and appearance; partly by the 
kind of glass with which they can be accurately seen; partly, after 
some practice^ by the conscious exercise of the power of accommo- 
dation which is necessarv in order to measure their distance from the 
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cornea and from the retina, and to see these points clearly 

anotlieiv 



a. 



I, 0?ACni£S 0? THE CAPStrLB OF THB ZXNB, 

__, Plastic emdaUons and pi foment deposits on the anterior iur^tl ^ 
the capsule are very frequent after prenous iritis : — the former^ irmflf, 
either lie free upon the capsule, or may unite it with the pupilhry 
(posterior synechije), exhibit very clearly, by lateral illamiuatioa, thet 
whitish colour and the finest details of their surfaces ; — the latter are see 
in their natural colour; while both, with the ophthalmoscope, appeif 
only as black spots upon a red ground. They are often airaugtHliai 
circular figure corresponding to the margin of the pupil, and frith tk 
unaided eye are scarcely perceptible. 

b. Opacity of the capsule itself^ or deposits upon its inner sttrfaee, 
appear with the ophthalmoscope as black spots upon a red ground; 
by lateral illumination as milk-white, roundish^ uneven, often slight! 
projecting spots — the capsule itself, where elevated by these spot^, beii 
sometimes very regularly wrinkled. 

c. Secondary cataracts, according to von Grafe, appear either as 
very fine, glistening, and almost completely transparent pellicles ; or 
opaque, milk*white membranes, formed by the thickened capsule itsdl 
often incrusted by calcareous particles, or loaded with lens fibres in a st&tr 
of fatty degeneration, or with a greater or less amount of still trauspsiral 
lens substance ; or, lastly, as opaque, shining white, tough threads and 
membranes, the results of considerable exudations. 

9L OPACtTUSS OP Tinfi LUKS filHISTAircB. 

The chief of these are, according to von Gnlfe : — 

d. TTie laminar cataract (lamellar cataract, S. Wells), (stations 
nuclear cataract of young people, Arlt), (cataract with isolated opacity < 
the fibrous layers, Jaeger), the most common form in childhood, exbifc 
behind the pupil a somewhat sodden turbidity, which, after the instillaiicni 
of atropine, is seen to be divided by a sharp marginal line from a peri- 
pheral zone of transparent lens, and to present a circle baring a diooioler 
of from 2'^' to S^^'\ Unless, as is almost constantly the case, the anterior 
pole of the opaque stratum he dotted by small white points, the decree 
of opacity, from the margin to the centre, will be completely uniform, tn^ 
ophthalmoscopic examination the opaque circle appears dark^ sharpl^H 
defined, and, with light falling perpendicularly, the central parts, if not 
too turbid, have a browniah-red transluccncy. The margin of cortical sal 
stance^ in stationary cataracts, is perfectly cleai% so that it is usually possil 
to examine the objects of the fundus, although with a contracted field 
illumination. But if the cataract be slowly progressive^ there will 




OP DISEASED BTB6. 



195 



I 

I 
I 



fine pimctiform opacities of the cortical substancej or short radiating 
streaks near the equator. 

A. The cortical cataract ; broad, radiating, crystaUine streaks uniting 
in the poles of the lens, and the substance lyiug between them turbid, 
cloudy, and spotted. A riper cortical cataract, of from two months to a 
year's duration, often shows pigment spots upon the strongly-distended 
capsule; the cortical substance, interspersed with glistening streaks, is 
grey with a tendency to bluish, not absolutely opaque, but in a certain 
degree translucent, so that one can see into deeper strata. Between the 
streaks are commonly small segments, in which the transparency is still 
greater. Sometimes there may be seen in the cortical substance single 
spots of a grey colour passing into blue, but never a trace of the yellowish 
reflection of a hardened nucleus. The ophthalmoscope shows, in the clear 
reddish pupillary field, black wedge-shaped shadows, their broad ends 
towards the periphery, their points tm^ned towards the centre. In 
cases that in other respects present the aspect and bulk of soft cortical 
cataract, the appearance of a weak yellow tint, not confined to the central 
portion, but extended over the middle and external cortical layers, is not 
an evidence of a harder nucleus. Such cataracts are not altogether pulpy, 
but are formed of harder sectors, separated by interspaces of soft matter* 

c, Punctiform opacities of the lens, even when present in considerable 
numbers, arc often only to be seen with difficulty upon the red ground. 
By lateral illumination, on the contrary, they appear as small, excessively 
fine and bright drops upon a dark ground, scattered irregularly throughout 
the whole lens. lu the opacities of the cell layer, between the lens 
margins, black radii are seen from the periphery to the centre; in 
opacities of these cells at the summits of the lens, Werneck's star-shaped 
figures become visible as dark appearances, which, by lateral illumination, 
reflect a peculiar bluish light. 

In order to distinguish whether these opacities are situated in the 
anterior or posterior cortical substance, Desmarres gives the following 
directions ; — ^" If they arc numerous, the observer, when seeing them 
clearly, should direct the patient to bend hia head strongly backwards. If 
the opacities are near the posterior surface, they will then in great part 
disappear behind the lower pupillary margin, and leave the anterior layer 
to be recognized as transparent. If there bo, near the posterior layer, 
only a single opaque streak, the observer, whilst looking at it, directs the 
patient, for example, to look upwards; upon which the streak, instead of 
going upwards also, as it would do if it were near the anterior surface, 
goes downwards, and disappears behind the inferior pupillary margin. 
Inversely, a posterior spot would move upwards, when the patient Iiimsclf 
looked down, 
b An extended, uniform opacity of the lens, that almost entirely prevents 
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the entruiice of ligbt into the eyCj so that the pupil appears dark wlici 
looked at froiii before with the ophthaUjJoscope, may he recognized by th^ 
appearance, in the ivholc circimiferenccj of a faint reflection of light from 
the fundus, when^ the pupil heini,^ widely dilated, the observer looks froE 
cither side, between the iris aiid lens, in the direction of the ciliar 
processes. 

3. OPAClTfES Of mz NUCLEUS OF THE LEKS. 

a. The nuclear cataract of yoimg subjects appears as a grey, sonac- 
times whitish suffusion behind the pupil, of a depth increasing from the 
periphery to the centre. Sometimes the proper nuclear region is iadi- 
cated by a somewhat sodden and more whitish colour, with an obscure 
margin separating it from the greyish or slightly smoky cortical sub- 
stance, which in its outer layers usually remains translucent, but not 
completely transpareot. The ophthalmoscope, with widely-dilated pupil, 
shows the cortical substance, even to the capsule, to present a diffused or 
finely-dotted turbidity. In this, as well as in the increasing saturatioUj. 
consists the most important distinction from the laminar cataract, with^ 
which this rare form is liable to be confounded. 

b. The senile cataract is distinguished by the yellow^ colour of the 
nucleus, the size and tint of which may be learned by using latcralj 
illumination, in the following manner: — The convergent pencil of li^lit 
is first thrown upon the anterior surface of the nucleus, whicli is marked 
by a strong greyish-blue reflection, and then through the lens to the" 
posterior surface, so that the nucleus appears of its proper amber tint. 
If the surrounding cortical substance be fluid, the yellow nucleus majj 
be found not in the middle, but shining yellowish througli the diffuse] 
opacity at the lower part of the capsule, to which it has sunk. 

There are certain conditioiia of the eye ut elderly people (in whom the nucit'usJ 
of the lena is usually more or Ices tinted) that are often miaiaken for cataract by tho] 
inexperienced. The most deceptive of thetwj in produced, I thint, hy sh^Iit detach- 
ment of the retiua. The pupil will then .suinetimes j)re8ent a pecidiar iiaifona^J 
cloudinesti that is du€ to reilection from the fuinlus, and that, in examination * 
diffuse daylight, under atrupine, woidd Ijo liahle to deecive many persons. Its dia-l 
tinctive character, however, is its perfect uniformity. In tbcal illumination, the pencil ] 
of light passes over the crystalline without a break, and this u never the case whero J 
there ia cataract. The ophthalmoacope, of course, would clear up the questiaa 
immediately ; for, hy the uae of the mirror alone, the faintest opaque line becomes 
consiJicuouj* as a dark tftreuk a^inst tlie iUmuinated backgrc:>und. If the object lens 
were also used, and the details of the invert*.'d imaj;,^e rendered vifiildc, it i» ixjB^ihla 
tliat these details might obacure or conceal the very finest sirirB. To t>how that tbo 
caution containeil in tki» pani^raph is not unncce««ary» I may mention that I have j 
lately aeen a patient who had just undergone an uusucceaKful operation for cataract] 
in a provincial hoHpit4il. He wa.4 told by the operator that his remaining eye wa4 
aim cataractous, but not ripe, and that he must wait three montha for an op«.'raticiu 
upon it. I found the remainiug eye precisely in the condition described above ; the j 
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jhms tint^, but perfectly trangparent, and tlio retina sliglitly detaclic<l. The pupil 

presentetl a [ji^pulmr amber-colonred cloudy reflection, and the ophthalmoHCOpe had 

r not been nsed prior to the ope^^t^on. I have very little doubt that the operator made 

[ the mirno nn-or of diagnosis with regard to the flrst eye that he manifestly made with 

reijard to the second. 



Ill, THE COROTIA. 

Opacities, losses of substance, and other changes in the cornea, 
having defined margins against the bright ground of the pupil, are 
not only characterized by the peculiar refraction of light that they usually 
occasion, and that is easily seen by inspection of the eyes by daylight, 
hut arc particularly distinguished from lenticular opacities by their posi* 
tiou in relation to the iris, and by their visible movements. If, for example, 
there be in one eye a small opacity in the centre of the corneaj or nearer 

tto tlie inner margin of the dilated pupil ; and, in another eye, in the 
flame position, an opacity of the anterior cortical layer, or of the anterior 
capsule of the lens, and if the two eyes are both turned inwards, or are looked 
into from the outer side, the corneal opacity will also move inwards over 
, the bright disk of the pupil, and finally disappear over the iris; while the 

(lenticular opacity will be approximated to the outer pupillary margin, so 
as to leave a free space between tlie opacity and the inner pupdlary 
margin; and opacities that were formerly concealed behind this latter 
margin will so be brought into view. 
Facets upon the cornea are frequent causes of distorted retinal 
images^ and are most frequently seen in combination with opacities* The 
latter become very manifest against the brightly illuminated fundus, even 
if inconspicuous when examined only by a magnifier. Inequalities of the 
cornea, which, if present in great numbers, give to its surface the appear* 
ance of a polyhasdron^ may be discovered by reflected daylight, either with 
or without a lens* Their influence upon vision, however, can be in no 
way better observed than by the aid of the ophthalmoscope. 



I 



Among other corneal ineqnaHtios, aientioii ahonld perhaps be made of conieity ; 
which, in its earhest stages, may bo detect^^i by the ophtJialmoiieopo more readily 
than hy any other method of examination. The mirror only is required, and should 
lie so held na to afFLoti no iinagt* of the fundus. One half of tiie liase of the corneal 
cone will then l*e cajit partially into Hhadow, and tlie alight aemiciri^ular shading thus 
pTo*lucod will pliy around the baM;>, in obetUence to movements of the mirror. 



IT. AMETROPIA AND ASTIGMATISM. 

Hft opl> fimiKhe^ datai Hometimcs of considerable valtK\ ftir the 

diagnom of i ; which, as tliey depend npon anomidie^ of refraction, 

may l)e ]irofM rly roTi»i tiered ttt tlli» place. In my account of them I shall chiefly 
fcdlow I*n>fi'8#«>r Dondern, 

The refra«^tiir^' apparatus of a normal eye, in repose uf the accommodation, lias 
iU priucipid f^Hil tinint upim tlie bacillary layer of the retina, and unites parallel mya 
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in thia Bikiation, Rays mathematically parallel are fiuch b& proceed fipom inf 
difitant liiminons Ijodies ; but^ for a31 practical puipoeee, the ray a pix>ceediiig frcai" 
ohJectB merely remote may he considered and treated as paralleL Such objecta ot 
furnished by Dr* Snellen's test types, when placed at a distance from the oXmerm 
equal, in Paris feet, to the namher by which each size of type is disiing-uished. 

Inasmuch oa clear vision is possible only when the rays of light are brought 
to their focal union npon the bacillary layer of the retina, it Ib evident thiit th» 
refracting power of the normal eye must be increased when vision Ib required for 
near objects. Such objects furnish diverg^ent rays, which, without an uua^Bftae of 
power, would bo fir«t united at a point behind the retina. 

In the human eye, the necessary increase of refraction is afforded bj c^tata 
internal changes of adjustment, the most important of which is an increase of tht 
curvature of the anterior surface of the crystalline lens, eiFected by the action of Qm 
ciliary muscle. This change may he rendered vbible by the ingenioUB eiperinMnti of 
Professor Cramer. 

It is well known that the eye returns to a spectator three images of a candle^ 
flame held in front of it : one from the cornea, one from the anterior surface of thfl 
cryBtalline, and one, inverted, from ity posterior surface. By means of an ophthaliaf>- 
microscope the two latter images may l>e seen to approach and recede from oitf 
another, as the eye is directed alternately to a distant or a near object. 

With the change in the crystalline are associated other movements of Urn 
importancei but conducive to the same end. The pupD. contracts, so as to cut d 
the most divergent rays ; and the axes of the two eyes converge, bo as to metft iipQB 
the near object that is iaspected. The first movement diminishes the amount rf 
change required from the crystalline, and the second allows each eye to rec^re \hn 
image upon the mo^t sensitive portion of its ry>tina. 

Ejctreme conti-action of the pupil would alone be sufficient to afford iliii4faf4 
vision of near olvjects, by admitting only the central and nearly parallel rayB of t^ 
cone of light, were it not that the loss of illumination would be too considerable: 
This may be seen by looking througb a capillary opening in a metal disk. Tlirora^ 
such an opening small type may bo read as close to the cornea as it can be brong^ 
but the background of white paper appears of a dirty grey. 

The sum of these ocular changes is expressed by the word accommodatioiLi 
the eye b said to accommodate when it adjusts itself for the divergtmt ray 
proceed from near objects. The refraction of the eye denotes its natural phjHioli 
action upon light when jiertectly at rest; and the aocommodation, tbo 
altering the refraction by voluntary muscular efforts 

The normal eye, when at rest, would unite parallel rays upon iU irstiiia. 
rays proceed from iniinitely distant object**, and such objects should^ thcnre&n^'^ 
clearly visible. Tlie normal eye, it foUowa, ban really no *' far point,** no 
limit of its power of sight. Its far point is said to be infijiit^ily distant ; and 
range of vision is only limited by the failure of Hght from dl-^tant oltjecte, in ooo- 
lequence of atmospheric dispersion- 

To the power of accommodationi however, there is a distinct limit. As 
object of vision comes nearer and neaxer, the rays from it increase in divergcnot% 
the accommodation effort increaeea in like ratio. When the divergence attamv L 
certain degree, the accommodation can no longer conquer it, and the object booansei 
indistinct. Immediately prior to this change, the ** near point ** of distinct 
has been attained. The interval between the far point and the near point ii mUlid 
the riingf* or t^srritory of accommodation* 

In early life, when the crystalline lens is comparatively soft, the ciliarr nma^ 
is able to modify its fonn eonwiderably, and Uie near point is then at ita alirvrU^ 
dixlance from the cornea. As th*> lens hardens with advandng years, it TivldM Ims 
ami less to the periphend prei<Hurf% and the n<^ar point i\4n>des in proportion* Tlii 
change occurs in all eye^, and is always gradnalty progressive ; but its f«ia i 
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progress is t&cj different in clifferent persons. In times it ueually reacHes such a 
degree, tliat small type can only be read at a dktance incoDvetiiently remote ; and, in 
oonseqnence of tKin dif^tancc, under an unnfiniUIy strong iUnmination. Convex 
spectacles are then required, in order to supplement the foiling power of ac<:omraodtt- 
tion ; and the patient is said to suffer from prealiyopia. It must be l>orne in mind, 
that presbyopia is a purely physiological eondition ; that it occurs, more or less, in all 
persons ; and that it affects the near p:iint only. 

An eye that, in rej:*08e of its accommodation, unites parallel rays upon the 
bacillary layer of its retina, is said to be f^nimeiroplc. 

There are two directions in which the ocular refraction may deviate irom thin 
normal stak^, and eaujse the eye to be atnetrojne. 

The focal point of parallel rays, in reix>8e of accommodation, may be sitnated 
either in front of the retina or Ix^hind it. In the first ca«e, the eye is short -sighted, 
myopic, or brachymetropic ; in the B*3Cond, it m hypermetropic. In the former, the 
for iioint is situated at a finite distance in front of the eye ; in the latter, at a finite 
distance behind it. In other words^ the refinction of a myopic eye will only unite 
upon the retina divergent rays proceeding from a point in front of the oomea; and 
that of a hypermetropic eye, rays already converging to a point behind it. 

Hyopia and hypermetropia are, therefore, two diametrically opposed conditions. 
They have this much in common* that both are caused, most frequently, by a 
doviation from the proper length of the ocular axis, which in the myopic eye is 
longer, and in the hypermetropic eye shorter, than in the emmetropic. 

Myopia has long been studietl by ophthalniolt^istft, on account of its connection 
with many diseased conditions (sclerectasia posterior, atrophy, retirjal t<opanttion, 
nxnmorrhage, Ac), Hypeiinctropiii has only lately received any coneiderabk' attention, 
since it has besn ascertained to be tJie cause of mo^ ca^es of asthenopia and of 
strabismus convergens. It must be rememhered that hypermetropia may lie coneealed 
by constant exercise of accommodation, and that theu it wiH not lKM!ome evident until 
the ciliary muscle is paralyzed by atropine* With Has precaution, hy|>ennetropia is 
declared when vision for distant otjjects is improved by convex spectacles, and myupiii 
when it is improved by concaves. 

The degree of ametropia is ascertained by the strengtii of the spectacle lenn 
which corrects it, anil renders the eye emmetropic The strength of a lens ia -inversely 

proportional to its focal distance F, and is expreflsed ^>y-Tr- The value of F is stated 

in Paris inches. By lenses of ^^ ^, &c,^ we therefore understand convex glasses, 
that have a jxisitive focal length of six and eight Paris inches respectively. Lenses 
of — ^ or — -j*^ are concaves, having a negative focal length of ten or twenty inches. 
The aajne are written without the fraction, as 6" or 8", — W or — 20". The same 
expressions are used for the ametn:)i>ia, M = J signifies a myopia that is neutralized 
by a lens of —9", and ^^^ is a hypermetropia that is neutralized by a lens 
of 12''. Eveiy case of ametropia belongs to one of these two classes. 

It is founii, moreover, that the same eye may possess different powers of refraction 
in its different meridians. The same eye may he emmetropic in one meridian, and 
ametropic in another j or the two meridians may present ametropia of different 
degrees, or even of different forms. This asymmetry is osn^y so slight as not 
to inttirfere witli vision ; but it sometimes bec4>mes considerable, and the sight then 

feri in a marked degree^ It has received the name of astigmatinm. 
^ The oplit)ialrooBCO]>ic diagnosis of ametropia rests npon the consideration alreatl , 
slated, that the rays of H^t leaving an eye return along their path of entrant' 
Bays leaving a my^i*? eye aie therefore convergent, and those leaving a hypev 
metr<:>pic eye mv * 

In the opht pic cacarointttion of an emmetropic patient* the eye under 

oxainttrntiou hi tisually accommodateil tor somt» point short of inJinite dislanee, 
nay for the other niJ^^ of ihi\ nxjm, and the mys rutumiug from it (unle«s in perfect 
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paralyHiB of the* cilim-j niuBcle) ore therefore converging to a focns at a distaao 
of twelve or twenty feet from tlie cornea* If the obgerver be emmotrfipic, and I'ruag] 
Ilia <ryo and miiTor close to the eye of the patient, he will, if the mirror perforation 
he not to<i large, rt^ceive only the central rays of the emerging oone, and %n]l tinit 
til era on his retina into an erect virtiitil iina^e of the fundus. An he retires from thd 
patient tiie cone becomes enialler, its outer and more convergent portions pajBB through 
the mirror opening, cannot be united by the observer, and the image becomes coniii8«* 
and ultimately lost. In moflt cases, however, the emerging cone will have buc 
convergence, even in it« central p>rtion8, that a very weak concave lens, —30" or — 40"^^ 
jilttced behind tlie mirror, wiU sharpen the details of the image. 

If, however, the observer withdraw to n. diBtance of \2" or 14", he will obt 
from the emmetropic eye no image at all, except by the iiiterpcj^ition of the inverting 
object lens. 

In ametropia the caae is widely diiferent. When either of its forma ib prcse 
in a marked degree, the observer, looking through the mirror alone, without thai 
object lens, and without approaching very near the patient, bocb at onc« the detaihiJ 
of the fiiuduR, In myopia, the emergent converging rnys have already niiit 
without an object glass l>euig reqxiired, to form an actual inverted image ; and, iml 
hyjx^rmetropia, tlic divergent rays still afford an ima^^e that ift virtual and er 
If; therefore, the details of the fundus can be seen at ordiruiiy viKurd distance without 
an olijeet lens, the observer akoidd make a slight lateral movement of his heail, IS tho 
image appear to move in an opposite direction^ it is inverte<l, and the patient myopic ;l 
if in the same db-ection, it is erect, and the patient is hypermetropic. 

A furtlier teat is supplied by the inverted image given by the object lens. Tul 
myopia, tlie detada of this image are Kmaller and brighter j in hypermeti'opia, larger | 
and leSH bright than in the normal condition midcr equal illumination. 

In myopia, moreover, the emerging rays are so convergent that an erect imago 
cannot be obtained without the aid of a moderately atrong concave lena liehind the 
mirror; wlule in hypermetrojia, a convex lens in the same position will be, if not; 
necewsaiy, at leaat advajita^eous, by its effect in magnifying the image, 

Tlio question of the existence of myopia is ono that often presents itself to the] 
military surgeon in the examination of recmite, or on otiier occasions; and that may I 
occaaionflJly arise in connection with civil jurisprndence. 

It was formerly a common practice to simulate myopia in order to obtain. I 
discharge from the army. The old teat wa^ to place strong concave Bpectacles Ix'forc [ 
the eyes, and then to tiy the vision by various objects. Malingerers trained theiij-j 
selves by previous practice with such glasses, learned to overcome their refraction by I 
strenuous accommodation, and often po;9eed the examination successfully. The I 
ophthalmoBcopic examination, however, affords unfailing evidence of the true state 
of the refraction. 

The observer may use his own ibstance of clear virion os a standard for shortness 
of Bight {see page 83), by holding concave lenses now nearer to his own eye, now 
nearer to the eye examiued, and by deteniiiiiing experimentally what jiower ejchibits | 
the retinal vessels most clearly in each position. Of two lenses^ if that which requires j 
to be held nearer to his own eye l>e stronger than the other, which must be held 
nearer to the eye imder inspection, then tho examinee is of shorter Bight than tho 
examiner; and the more so, the greater the difference in the focal distance of the 
lenses. A ft>cal difference of two inches is suiHcient to show a very great differcnoe i 
of visual distance. 

Lastly, any doubt about apparent or actual myopia is changed to certainty ' 
when the observer tliscovers, in the eye examined, any of those morbid conditions 
wliich are commonly ai^sociated with, or conf^ecutive to, aburtness of sight. Such 
are opacities of the vitreous, injuries of the retina, sclerectasia posterior, and 
so forth. 

Prof* Ed. Jaeger has given directions for detennioing the acytistment of tha i 
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eyo hy mcana of tlio opKllialmoacope* He recommonda for this pui-pose the erect 
image, as shown by a concave mirror of 7" focal Icngtk, or by tlio ophthalmoscope of 
Hdmholtz* In onler to ol*tam the necessary experimice and dexteritj^, thLi oljeerver 
TTWiat train lumsolf by repeated and careful examinations of healthy and normal eye«, 
in repoHC of their Jiccommodationj and nmst accnrately study the clKU'ucterK of 
the imji|jres he neea. He must especially oljaeiTe the degree of enlnrgenu'nt of tho 
pajis ; the mtc of tho Jdeld uf view, both absolutely and in proportion to the pupil ; 
the qiiantities and tones of hght and colour ; tho fikarpnet«s of outlinoa ; the adjuat- 
mentH of his own eye ; the appai-ent dist^ince of the image ; the kind and jiower 
of correction lens that affords the clearest pictnro ; and lastly, at what distance of his 
own ej^e frt)m that of the i>atient the examination can be most comfortably made and 
contirnied. All these particulars afford to each observer a standard, for hiniselt' 
alone, by which to judge of eyes that depart from the normal condition. 

Compared witii such a standard, a myopic eye afforda a smolk'r iield of view, 
and an image nearer to its actual position, a less intensity of light and colour, and a 
greater enlargement of details; insomuch that the whole of tho nerve disk will 
perhaps not be visible at once. It will also be necessary to use a concave lens of a 
strength corre^i>onding to the degree of myopia, and to approach the examined eye 
very closely. 

lu an hyjiermetropic eye, on the contrary, the field of view will be etrikingly 
enlarged ; the image will apj>ear to lie considerably in front of the actual position 
of the retina; its intensity of light and colour will be increased^ and the size of its 
component details dijniniwhed ; so that every part of it will g«in in sharpness, and 
the whole in general effect. In a high degree of hypermetixjpia^ it will even lie 
poe«dblo to include at a glance nearly aa much of tlie fundus as commonly in tho 
inverted image. In further contrast to myopia, in will be necessary to use a convex 
correcting lens, and the distance between the observer and the patient may be 
considerable. 

ITiese differences between the appearancea presented by normal, myopic, and 
hjrpermetropic eye« respectively will depend, in their degree, upon the degree of the 
ametropia. After some practice, therefore, it is not difficult to estimate the lattc?r 
with tolerable accuracy ; and to prescrilie, within one or two numbers, the spectacle 
lens required for its correction. 

Stellwag observes that, in order to obtain a dear imai^e of the retina of a 

myopic eye, either a convex or a concave ghiss will be neoesaory, according as the image 

of the retina, formed by the refracting media of the examined eye, be situate in fi^jnt 

of the ophthalmoscopic mirror or behind it, and therefore also l»ehind the lens, which 

intervenes between the mirror and the eye of the observer. In the latter case, if we 

assume, with liim, p as the foc£d distance of this lens, a as the accommodation 

distance of the examined, and h that of the examining eye, then i — 

ah ah ph 

p ==; -T ', and — 2> = — -j-- — , whence a == ,--— 

by which the visual distance of the examined eye can be determined. It is so much 
the leas, the greatt^r tho strength of the glaas that is required, in wUitionary accom- 
roodatson of the oWrver, m order to aflbrd a sharp and clear image of the retina. 

The diagnosis of astigmatism rests upon many circumstances which it wotdd be 
foreign to the scope of the present volume to diaciuss ; and in the royapic forma of the 
affection, the subjective Btgne afforded by tlie state of vision will be the most tru^t- 
iworthy. In both forms, however, but e»ix!cially in the hyi>ermetroi/ic, the ophthalino- 
licope affords very certain evidence of the c^jndition. 

In a normal eye, or in one that is simply ometropic, in the erect image, the 
emmeti"opic observer, in repose of his acconmiodation, sees all the vessels upcm the 
nerve disk at once, with equal distinctness, in whatever direction tliey proceed. In an 
io eye this is no longer the cose, and the observer must vary his accommo- 
in order to see alternately, with equal clearness, the vessels that proc^Kxl in 
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different directions. As a role, the observer, in repose of accomxnodatioiiy will 6C 
horizontally directed vessels clearly, and wHl require an ezerdae of acoommod 
or the aid of a lens, to see those that are directed vertically. This conditioi 
be reversed in the rare cases of preponderating hypennetropia in the vertical mesn 
it will also be reversed in the inverted image, in which, moreover, the diff(»eiic 
be much less remarkable, and may even be altogether destroyed by the incHi 
of the axis of the object lens. 

Dr. £[napp suggested to the Heidelberg Conference of 1861, an. ophthalnun 
test of astigmatism, based upon the apparent shape of the nerve disk, the dia 
of which, as seen in the erect image, would be elongated in the xneridiaii of gn 
and diminished in the meridian oi least, curvature. This appearance won 
reversed in the inverted image. Professor Bonders points out -the obvious diffi 
that the diameters of the nerve disk are often actually unequal, and ^vonldt ihsa 
appear so in eyes that were not astigmatic. 
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THE OPHTHALMOSCOPE IN ITS RELATIONS TO FORENSIC 

MEDICINE. 

ON account of tbe great advances made during late years in the public 
administration of justice, and of the consequent demands upon the 
medical practitioner, it appears expedient to discuss certain circumstances 
in which the ophthalmoscope may furnish medical jurists with important 
aid in the formation of their opinions. 

It would be of the greatest utility to forensic medicine if the 
ophthalmoscope should afford a means of determining with certainty the 
presence of death by the turbidity of the refracting media; or of deciding^ 
by the degree of this turbidity, what time had elapsed since death took 
place* Unfortunately, it is of no avail for th^e purposes ; and Professor 
Coccius, who first propounded and considered the question, thus states 
his conclusions : — *' These grave problems do not allow me to solve them 
positively, however well I know the value and importance that would 
attach to an opposite decision. But questions of such nicety do not 
require answers that only balance doubts. For example, in a case where 
the transparency of the ocular media of a dead body was tested, it still 
would not be known what had been the transparency during life, unless 
this had been formerly ascertained. Moreover, in animals chloroformed 
to the point of death, the cornea may be seen to grow pale, aud^ with 
the returning consciousness of the animal, to be restored to its natural 
state. In corpses, also, that have been dead for the same period of time, 
there are remarkable differences in the transparency of the media; those 
of persons that have died from exhausting diseases retaining their 
clearness longer, in general, than is the case with the victims of acute 
illness. Among the latter, however, must not be included persons killed 
suddenly by accident, in whom, as in slaughtered beasts, the transparency 
remans longer. Furthermore, various collateral circumstances, such as 
constitution, temperature, and mode of death, exert an influence upon the 
earlier or later occurrence of changes in the media; so that, after taking all 
the conditions into account, we must say that the ophthalmoscope may 
certainly, in particular cases, and with due regard to all connected 
circumstances, throw light upon the time that has elapsed since death; 
but that, in general, it only teaches that the media iu mankind appear 
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turbid witlun n few liours after dissolution ; uud tliat the degree of 
turbidity is dependent upon various contingencies/' 

While, tlierefore, for the purpo:>es above mentioned, the ophthal- 
moscope is of little or no value^ it may be applied with more decided 
utility to cases in which the medical jurist is called upon for an opinion 
about injuries to the eye j and especially about their permanent conse- 
quences. If the injuries have been so severe as to rupture the cornea 
and sclerotic, and to cause the escape of the vitreous and aqueous 
humours, or if, some hours afterwards, a so-called trimraatic cataract 
makes its appearance, then, indeed, the ophthalmoscope is not required. 
Cases occur, however, in which, after blows upon the eye or in its 
vicinity, sudden total or partial loss of vision follows; and in these the 
ophthalmoscope is of value for the determination of different questions, 
and affords evidence either positive, as of the existence of htemon'Iiagic 
effusion, retinal separation, &c., or negative, to the effect that no 
changes or abnorraalities are discoverable in the eye, and that therefore 
the injury in question has probably affected the brain itself. And the 
medical jurist, moreover, is guarded against deception in cases where an 
injured person simulates loss of vision as a result of injury; or, possibly, 
having before laboured under some disease of the eye, first discovers it 
after the blow, and supposes that the blow has produced it If the 
surgeon^ under such circumstances, find the traces of old disease, old 
choroidal exudations^ old destruction of pigment, posterior staphyloma, 
and so forth, the examinatiuu i^laccs him in a position to compare the 
disturbance of vision with the injuries. 

The detection of edintilated ameiropm has hoen sufficiently notic^l in the 
preceding Bection, and a few janro^raphs, given hy Dr, Zander un tliif* part of tho 
Biibject, have been iiicorj-vo rated v^ith the obsciTations on pp, 200 and 201. 

Cases will sometimes occur in which it is desirable to test the reality 
of a professed partial or total blindness of one eye. This can scarcely be 
done with certainty, except by the ophthalmoscope, since the merely 
external signs are insufficient. 

It is true that squinting of the affected eye, mydriasis, smoky 
turbidity of the fundus, or immobility of the iris, would lead to tlie 
conclusion of real blindness. These signs arc wanting, however, in cases of 
amaurosis, in which the retina retains a slight sensitiveness to light ; or 
they may be present, independently of amaurosis, in paralysis of the 
oculo-motorius, or in idiopathic mydriasis, or even in mydriasis artificially 
produced. 

In persons, moreover, who suffer from hemiopia, or almost total 
annihilation of sight, dependent upon retinal separation, effusion of blood 
in the neighbourhood of the macula lutea, scattered small htemorrhages. 
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of serous exutlatioiis in the retina^ the pupil almost jJvvays retains its 
regularity and mobility ; and^ ia such cascsj except by the aid of the 
ophthalmoscope, no certainty could be attained. 

Ill many other ca^es the pupil remains regular and movable, 
notwithstanding complete amaurosiSj as from advanced atrophy of the 
optic nerve, or through disease of the nerve-trunk itself. In such cases, 
by displaying concavity of the papilla, mother-of-pearl tinting of its 
surface, obliteration or atropliy of the retinal vessels, or other changes, 
tlie ophthalmoscope would aflbrd conclusive evidence of the reality of the 
disorder. 

As a rapid test of monocular bliudncss, von Grafc recommends the 
use of prismatic glasses, whicti have tlie advantage of being applied to 
the eye that is professedly sound. A prism should be held before this 
eye, pjTferably with its base upwards or downwards, and the patient be 
aslied whether he sees one or two images of a light placed in front of 
him. If he see two — one above the other — one of which moves round 
the other when the prism is rotated, the stationary image belongs to the 
other eye, and the imposture stands confessed : — as may be proved to 
the patient himself, by covering the eye that is professedly blind. With 
regard to the detection of simulated weakness of sight, von Grafe says, — " If 
we take objects of different sizes, arrange them at different distances, and 
then try the effect of glasses, a malingerer will soon give answers that will 
convict him of simulation. It is especially useful to employ convex lenses. 
A malingerer will commonly think to make himself safe by protesting 
that he cannot see through any of the glasses; and since a convex lens 
only shortens the visual distance, and does not impair the sight, this 
protestation will afford the evidence that is required/^ 

Whether the ophthalmoscope will hereafter assist the medical jurist 
in the investigation of mental diseases, is a question that only time cim 
solve. The foregoing observations arc intended to show that, in the cases 
referred to, it will at least not be useless, and that it will therefore deserve 
more consideration than it has hitherto received. 
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SECTION THE SIXTH. 



oXKo 



THE Iin?^LUENOE OF THE OPHTHALMOSCOPE UPON THE TBEATimJl 
OF OCULAR DISEASES. 

rriHE title of tlie present section opens a wide field for inquiry, TIw jjibA 
1 invention of Hi^linlioltz hat* l>een a Hource of new life to L»vei"y bnir»*''l^ f>f o^ilftM' 
mology, and hss not only dire<:tJy modifietl tlie treatment of the « ' « 

actiiaUy exposed to view, but indirectly, ptrliai>s, although not lesa ta j; s? 

conditions also, with which its connection is at first sight less ai»|.iarent- Vv'* «tr 
directly indebted to the ophthalmoscopKj for tlie mixlem treatment of detacLtsl nf^ 
or sclerectasia posterior ; but we are indebted to it almo^ equally for tJie it^sogsi^ 
and relief of astigniatis^nif or for the modem operations for the removal of cat^iMA 
It« influence upon curative measui-es can therefore only be described by a aketc^ rf 
the existing state of ocular therapeutic b. The present volume aifords no fitting ^JfT^*^ 
tunity to render such a sketch complete in matters of d*3tail, and I ehall thrWifefv 
content myself with endeavouring to ]>lflce a general view of the subject lirfon* ife 
reailer. This general view will be illuati^ated by cases, so far, and oo far only, as ifcrr 
seem to me to be typical in their ehamck^rs and results, and to afford the mtauu *i 
describing actual occurrences in the smallest poawiblo numlK?r of words* Ai 4* , 
additional aid to concissenesa, and in order to avoid repetition, it seems 
commence by some account of the principal means ti»f treatment, and of the 
the influcnccjs which they rciipectively exert. Tlicse meims of treatment tikaj tf 
t*uum crated, with some appearance of order, imder the five fallowing hesul^ wuxmAji 
1. Iridectomy; 2. Depleftion; 3, Internal Medication; 4-. Counter Irnttttjoti; 5. I^mI 
Applicaticins. 

The operoHcm of iruhcim^ify was first brought prominently forward by von Gfftiiv 
iu 18'57. I shall first describe tlie method of performing it» and shall then 9pcak cf 
its effects. 

The instnimente required for iridectomy are a spring specxdtim for op<?r' ' ' '* l^^ 
proper forcei>s, toothed at their extremities, lor holding the glot>e, a triaii \tt 

of a size pnitportionato to tliat of the anterior chamber, sot at an angle ujx«i tW, 

fine furcepM for seizing the irit*, and keen sciysors for cutting it. The aur M 

als«j provide himself witli a scoop, a fine spatidu, some cott*jn w*)<j1, and a 

It is <inite jx^ssible to pei-tbi*ra iiidect^Huy without cldoatform. StiH, tlie 
of the patient, and the trl>a8m of his ocidar mUHclc«» are serious sources of ruJ 

entiiil not only increased risk of womiding the lens, but also of the o* if 

retinal or choroidiil hajmon-hage upon the sudtleu diiuiuution of intra-ocnlar | < r 
Uidesii then? l?e some very cogent objection, complete anaesthesia should be rt^_.^,_ 
as an maential preUiiiin ury. 

t may here olseerve, by the way, that the dangers of using chloroform m r.|di ♦ >. - 1 ^\q 
surgery have lieen greatly exaggerated by many writers. The efi*ect m* >4. 

vomiting, will rarely follow if operations be performed in the moniinir, wn th. 
patii?nt8 have hud neither f<xid nor drink since the evening before, and if a siiitii) i ' I 
of brandy and water, strong and hot, be luhmnistorcHl to adults, a few miiiul - f.ji^ 
inhalation is commenced. Some Qi*erators prepare their patients for clilor t. n , ' v 4 
day Of two of moderate me^ds, and a few hours of abstinence. The brandy, whicli m 
very useful for adults, shotdd seldom be given to children, in whom it is more upt to 
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Bicknesfl than to prevent it. If vomiting ahonld, after all, be threatened, tlie 
n should dc^sist from manipulation, remove the sxieculum ii* it were inijerted, 
dose the eye, cover the lids with a bsdl of cotton wool, and support the whole with 
the pahn of his hand^wliile the patient's head is trumed to one side, and the mattera 
vomited are received and cleared away. This done, the farmer position should bo 
TCstored, the inhalation renewed, and the operation, in due time, proceeded with. I 
have repeatedly performed eitractioii of cataract under chloroform i and, as a mle, use 
it genemlly in aO other operationfl upon the eye ; and, strictly oheerving the above 
precautiom?, have never had reason to regret its employment. 

The middle third of the upper half of the iris is the jiortion that should ugually be 
removed. The resulting deformity being partially covered by the upper hd, ie not 
only leas unsightly, but also less disturbing to vision^ than it would be in any other 
portion of the circle* Still, then* are special circumstances that may render another 
situation desirable, and some of those will liere^ifter be enumerated. 

For all operations upon the eye, partial anaesthesia is worse than none at all. The 
surgeon having satisfied himself that no muscular spasm will be produced by the 
forceps or knife, and the patient bdng upon liis back, in a good light, and with a 
suitable inclination of his fiawie towards the window, the ne3ct step is the gentle intro* 
daction of the speculum. 

The size and strengtli of this instniment should be accurately adapted to the 
requirements of the case, so afi to hold the lids apart without too much teiuaon, and 
without pressure upon the globe. The improved speculum of Mr. Badcr, which can 
Ix; iixed at any required width of opening, should generally be preferred. If pressure 
upon the globe cannot otherwise bo obviated, the speculum used should be slightly 
_ liiled by an assistant. 

■ The surgeon, standing behind his patient, seizes the conjunctiva aud its sub -mucous 
L^ ttsaue witli toothed forceps, at a small distance from the cornea^ and at a point opposite 
^plke centre of the int>ended incision. If necessary, he slightly rotates th^ glolte, 
^^ imitating the action of the corresponding rectus muscle ; but never lift** or pulls it, 

and simply holds it still when the desired jHisition is attained. The point of the kid ft' 

>is then placed on the conjunctiva, about a Hue from the corneal margiii, and is made 
to pierce the sclerotic, and to enter the anterior chamber immediat-ely in frout of the 
ins. It is pushed steadily onwards ontil the external inCiicion attiiins a length of &^^ 
or B*"", which will correspond to 4"™ or (5"°* of internal wound. It is tlien very 

I gently and quietly withdrawn, so aa to allow a gradual escai>e of the aqueous humour. 
If the blade be too narrow to make a wound of the desired length, the external angle 
may bo enlarged in the act of withdrawal. 
In eases of glaucoma, it is of essential im|X)rtance to remove a sufficiently large piece 
of iris, and to remove it Jn its entire width, tearing it from it*? ciliary margin. For 
tills purpose a sufficiently large wound is required, and its position must be sufhcieutly 
far l>aek. In endeavouring to fulfil these couditions, an inexpert or careless operator 
may enter the globe Ijehind the iris, may wotind llie iris at his fintt puncture, nmy 
lacemte the cajisulo of the lens in traversing the impil, or may entangle the point of 
his kjiife in the opposite pupillary margin. All these accidents have occurred even 
where tliere has b«m a good anti'rior chamljer. 

I It hapjietiM, however, in 8omi3 cases of intra-ocular tension, that the anterior cliamber 

is almost aUilished, and the iris and the antc-rior capsule art* nearly in crontact with 
th<* lining of the ct>ruea. Under such circumstances it would be very diHicult, even if 
possil>le, for the most skilful surgeon to make the ordinary section without woujuling 
cither the lens or the iris. Various suggest Jt)na have l)een made in order to overcome 
this difficulty ; and the Ijcst of them all, ptThaps, is that of Mr. Bowman. He iweB a 
smalJ cttlitract knife, and makes his incision an if for extraction, but jumaUur, lii this 
way tlie point of his knife do«js not traverse the puitillary ypacc, and the only difficulty 
is to guide it between the iris and tlie cornea. In such cast,»s, the previous a[»plication 
_ of Calabar bean, as suggested by von Griife^ may abo help to secure the lens from injury. 

■ It htm been recommended by gome snigeons to withdraw tlic knife suddenly, so as 
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to allow the aqueoua humour to escape in a gush, by which practice prokpse of the 
iris is commoaly prodact*d* and the introductioii of forceps into the anterior chamber 
rendered iij:i necessary. To tliis plan there are two objections — Isd, that the sudden 
diminution of pressure is liable to pnidiice retinal or choroidal ha?uiorrhage ; and 2nd, 
that there is some reason to beheve that the shock to the lens may be a cautic of 
catai-act. However the knife is withdrawn, its back must come in contact with tho 
anterior capsule, and great care is necessary to save this from being scratched by tJba j 
receding point* The method I practise is, lirst to loosen the knife in the incision, : 
aa to allow the gradual escape of tho iluid, and afterwards to withdraw the blado ' 
quickly, with a slight incUnation forwards of its point. 

An unpractised oiKirator will Bometimcs find it difficult to give his attention 
to both k-nife and forceps, and, while engrossed by the former, will unconsciously 
exert pressure or traction with the latter. This error should be most cardial]/ j 
avoided. 

The section being completed, and tho knife witlidrawn^ the eye may be freed horn 
tears and blood with a bit of soft rag. An assistant then takes the forceps, and ia 
carefal gently to rotate the globe iu any requnred dire(jtion, without suddenly dragging J 
it. If the iris be not prolapsed, the aurgeon passes the fine forceps into the anterior n 
chiunber; and, wherever it is, ho seizes it near the pupillary margin, at a point 
nearly corresponding to the middle of the section, cuts it through with scisaor« close 
io the forceps, from the pupillary to the ciliary margin, and then tears the piece still 
grasped by the forceps away from its ciliary attacHment, up to the angle of the woatid« 
renders it tense, and cuts it off close to tlie conjunctiva. The other half of the prolapse 
is treated in the same manner, and tlie cut extnemitiGS usually retract within thoj 
chamber* This method of excision is due to the ingenuity of Mr. Bowman. 

If any portions of iris remain witliin the lipis of the wound, they must \ie displaced 
by the spatula, and the wound may also be made to gape, in order partially to empty 
the chaiuber of blooiL ITie hpcculttm being withdrawn, all coagula must !« reniovcil, , 
not onlj^ from the TTiciaion, but from the general surface of the conjunctiva. The lid* ' 
are then closed, covered by an elai*tic compress of cotton wocd, retained by a 
Ijandagf? ; aufl the patient is left in l>ed. An anodyne is occasionally reqtiired ; iind 
Ivy the third day the section will usually be healed, the aqueous humour again secrctcd« 
and the anterior chamljer free from blood. 

Wlien iridectomy is practised in order to dimininh the danger of catiiract cxti^^- 
tion, it is not necessary to remove the whole width of the membrane. It is pr^^baVdy 
even safest to leave a jxjrtion of the ciliary zone, since this may afford support to 
tire dehcate hyaloid membrane. Dr. Waldau, in his scoop operation, reconlmcndi* a 
corneal section, and that the iris should be cut through a Httle in front of itn 
attacliment; and, in* practising iridectomy as a preliminary to flap ejctraction, or 
immediately after the removal of the lens, I have found such a partial excision fulEl J 
every purpose. 

Mr, Bowman ha« i>erfonned iridectomy in various ways — as by tearing a porrdaii of 
the iris from it*« cEhary attaelmient through a comeid wound. I le^-n fixjm liim '" 
it is his purpose to publish his experience of tlie diffei-ent possible methods of operatiag^J 
and of the circumstances under which one or other of them should be pivferred ; but, 
in the meanwhile, the method described above wiU be found well adapted for all ordiuarj 
purposes. 

The effects of iridectomy are far more easily described than explained ; for whldi 
naaon I will here content myself with their enumeration, 

1. The operation diminishes intntK)CuIar tt-nsiun in a degree that bears noour 
proportion to the size of the piece of iris removcii. 

2. In many cwtva where there is no evidence of morbid tension, as well sus in i 
in which tlijs condition is very apparent, iridect«jmy produc^js a miirked and favi 
chiuige in the «tat4* of tlie ocular nutrition, so UiJ to promote the resolution of i 
mation and tljc rcjMiir of iiyuries. 

By virtue of this twofold actionj it producer the billowing effects: — 
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In ociiLe glaucoma, if performed saificiently early, it will almost certainly euro 
the diaeaae ; aij<l, if the blimliiesK U* alrc^ady comnkk. it will i^ill reHove the pain. 

In 18t;0, 1 wiw! coumilted by a hale man, six^-fivo years of age, on account of pain 
and blindness in his left eye. The attack had commence three days l>efore 1 saw 
him, and his 8ufloriug« were very great. The glohe was of stony hardneasi, the con* 
I junctiva much injected, the cornea steamy, the aqueous humour tiirbid* the pupil some- 
what dilated, fixed, and of an oval outline. With the affected eye, the patient could 
barely diac^^n the jxisition of tlie window before which he wob seated. A larg© piece 
of iriB was immtniiately excised, and his recovery was speedy and complete. Ten days 
after the operation he could read pt^rl ty^n? with the afi'ected eye, and it has ever 
ffince remained in an equally good (^onditiou. 

In chronic glaucoma, either simple, or c<>mplic4iting Bclerectasia pogterior, iridec- 
tomy will uBually arreat tlie disease* and will sometimes arrest other morbid changes, 
Buch aa cataract. It will aeldum, or only slightly, improve vision imder tmch circum- 
stauces, but will preserve it from further impiUTment. 

In the month of November I was consulted by a lady, fifty yeans of age, Buffering 
from simple chronic glaucoma of the left eye. There was ateadily incn^iiHing presby- 
opia, contniction of the field of vision, increased tension of the glol>e, and pro^^res^ive 
fitilure of wight. The media were tranai)arent» and the excavation of the optic 
disk was well marked. There were also striae of commencing cataiiLct in the lens. 
Iridectomy waa performed forthwith. 

In December of the foDo wing year I saw this My again, in consequence of her 

right eye being affected in a similar manner. Both from her statement, and by 

k\Hts, I found the tdght of the left eye to Ixs a Mttle better than before tlie oi>era- 

tion ; and the cataractous strifle, of which, thirteen months previously, I had made a 

k «arefijl diagram, ha<l undergone no increaae. 

In iri^io-choroiditis, iridectomy not only produces speedy resolution, but it removes 
tho tendency to the recurrence of the disease that is produced by the gradual con* 
traction of efinsed Ijmgh. 

If practised sufficiently early after an injury, iridectomy will usually prevent 
the occurrence of traumatic panophthaJmitis, and will arrest it at any stage in which 
recovery ii> gtUl possible. It will also arrest tho course, and prtKiimj the healing, of 
the rapidly destructive cumeal sloughing that often follows contumon of the eye in 
elderly or feeble |)ersons. 

A few months ago, I saw a young man whoso eye had been punctured by a thorn 
about thirty-sii: hours previously. Tlie thorn had penetrated the cornea, pierced the 
I iris, and wotmded the lens, and had been immediately withdrawn. The lens was, of 
, ConisCt opaque, the aqueous humour hatl escaped, and the anterior chamber was half 
tilled by viscid pus. There was much injection, severe pain, and Uttle or no peiveptioii 
of Ught. Guided by the com«*al puuetun^ iridectomy was bo peribrmed a« to remove 
the wounded ix)rtiou of the irii^. Forty -eight hour^ later tiie woimd had heale<l, tho 
pain and inflammation hajl sfubrfided, the aqueous humour waa re-secrettnl, and the lens 
was in a fair way to Ije quietly abHor1>ed. 

In the Mcdiml Timejt and GazvtUi for 1863, vol. L p. 503, I have reported the 
history of a man in whom impending destruction of the cornea altur injury wjis at 
^ once checked by iridectomy ; and the case is curious — ^l»ecause. by an accidental error 
. on thi' part of the patient, no other treatment of any kind was emploveiL Wlien the 
operation was peHbrmed, the corner was the seat of a lai*ge slougliing ulcer, was 
opaque over its wholtj surface with the exception of a small crescentic portion* and 
viiiion was limited to a perception of the Hituation of the window. Sixteen day» later, 
the patient c^mld read No. 16 of Jfigcr*** U>^% type^. 

The l>i'iieficial effect of iridectomy upon tlie general nutrition of the globe is 
fijrther illustrated by certain cases of chronic irido'ch(troi<liti><, in which tioftening, 
instead of tension, is a result of the ilisease. After excision of a ptjrtion u^ the iris it 
is common, in such cases, to ^ee a more active ^ecrotion of the humoun^, and a return 
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towarda a normal state of tension* Iridectomy wiU also promote the absorption 

blt>oil efiiii*4.Hl intij the vitre<JUi< Ijody ; and will, in Bomu i:a»es» arrest thu pi*oijTi>as4 

couicity uf the cornea, It^ inllueuce ujjon the mtra-ocular circiilatif »n wais eom*| " 

mauU'ested hx the case of iBuluumia retiuiM recorded hy Dr. Alfrtd Griife {svf y 

and, partly in conBequiince of that liistory, I have laU'ly performed the operaliuii ui 4 ] 

cuae uf atrophy of the optic nerves. The result of tliia experiment will be hereailetj 

declan-Hl 

Aa a preliminary to tlie extraction of cataract, or as a proceeding to 
fXocuUid immediately atler the removal of the lena, iridectomy has now been very lar^l^ 
employed. It not only promotes hcEiling, and places the eye in u condition Lrut-nUlj^ 
fiivotuniWe to recovery, hut it removes the siK'cial danger of iritis from l- ii 

tile irij! by tlie lena during ita exit The piece removed should corrLr; ..- . 
central portion of the corneal Hap; and the iridectomy will so for diininislt th«l 
dangers of extraction that a favourable result may, in almost every case, be confjdentljf-^ 
antic i])ated. Extreme age, constitutional debility ^ or peraistent cough, need no longer 
be considered inaurmountable impediments to ^acceBS* 

The ell'ect of the artificial colo)x)ma iridis upon viidon in very gmalt Xn Ctt»ej| of 
wound, where it is deairable to remove the injured part, and in ca&ea of caturart 
extraction by an extenial or inferior corneal section, it may he necessary to makti 
an iridcctA»my in such a situation that tjie rcBultin^ deformity, eB|»ecially if the in* Vie 
light -coloured, wiU be extremely visible. But, in the majority of cases, the cnloTit>ma 
may be i>laced under the ahadow of the upf>er lid, and \vill there be scurcely neeiu 
Miuiy of the patients whu require iridectomy are elderly f»eople, and mo«t of th<!ni, 
either from age or diaease, have retinii3 by no means hyi>er8en8itive ; so that tlit*y 
perceive little dazzling or inconvenience from the enlargement of the pupil. In otiC 
case of double senile cataract, I peribrmed extraction on one t^yo mthout, and oij the 
other with^ an iridectomy. The patient reads pearl type etpially well mth either^ antl 
finda no difference in their utility for general pui-pt^ses. In a aindhu" case I tjmdn m 
very large inferior iridectomy, and extracted the lens by an inlerior corneal flap, m 
the right eye ; and made a miperior iridectomy and a suj^xrior extraction in the lo^ 
In this case* alao^ the tw*o eyes were equally useftiL 

It might be supposed, however, that irid*?ctomy would destroy or impair tlie 
power of accommodation ; and hence that its hurtful inHucnee upon vision, if ony, 
would fje cliiefiy apparent in cases where the lens was retained. I have not «MWti 
anything to justity Uiia aupi:>osition ; for, although the accommodation of nn cyi» that 
has undergone iridectomy is usually somewhat impaired, there will often \ie an 
expliitiation of tlie impairment cither in the age of the patient, or in tlio disease for 
which the uijcnition was performed. In any case in which the deformity, or tli*^ 
da^uding, or tlie failure of accommodation, was sufficiently evident to require i* I i 
it would not be difficult to obtain it by the use of spectacles, tinted, or partialis 
opaque^ and adapted t*> the optical requirements of the patient. 

From graver ill consequences, even by virtue of its antiphlogistic sctltmi 
iridectomy is almost wholly free. 1 have preserved notes of fifty -eeven cy^s upon 
wluch, for various rea,sons, I have i>crfonned the opemtion during the la»t t]ir> 
years; and with none uf tliem has tliere beeJi any miscluince. In two ca&OM of « 
finu*^ glaucoma, in which the night had long Ijcen destroyed, but in which iri' " 
MOLii indicated t*) allay the distressing pain occasioneti by ejctreme tension, 11 
tion afforded c<.tmplete relief, but set up changes tliat ultimat^Jy produi 
thegloljes. In every other ease the operation has been tbUowed by souii i 
healing, in ma&y C4tti«8 it arrested disease that seemed almost beyond the n-.i n 
of tivatment, and in only a very few were my expectations of Ijcnefit fotin :j 
di^pljointed. 

I have Liilcred into this question at considerable Icngtli, partly tuH-m-.. 
iridectumy is an u|M;nition that has, I think, in some degree, [Hiased ul; 
domain of the spoaoi ophthabmo tnng^on into that of the general pracUuvucr - 
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and partly because it lifts recently been assdded by a good Jeitl of ratlit^^ irrational 
invective. 

TEo diseased conditioiis that most urgently rL-qnire iridectomy ar« acute 
jflaucoina, sloughing ulcer of the cornea from injury, and traumatic suppurative 
iritiB. In such cases, under any other treatment, vision snU be almost inevita.bly 
lost ; and, by timely iridectomy, it will be almost certainly saved. An immediate 
operation for strangulated hernia can never be more essential to the prej^ervation of 
life tlian an immecfiate iridectomy frequently is to the preservation of eyesight. The 
time during wlilch it can be usefully performed is otten very limited, and the patient 
whose case requires it has a right to ejcpect relief at the hands of the nearest 
praetitionen Therts can be no doubt, 1 think, of the correctness of the opinion 
advanced, a year or more ago, by the Editor of the British Medical Joumcd, to the 
effect that any nurgeon who neglected iridectomy, in the presence of certain indications 
for it« performance, would incur great risk of being mulcted in very heavy damages 
as the defendant in an action for nuUiJraxis. In chronic or Bub-acute glaucoma, 
although the necessity for the operation would in one sense be equally great, it would 
not be equally urgent ; and the patient would usually have time to seek the assistance 
of a s[»et"iid practitioner. 

Among Engliah ophthalmologists there are, almoBt of necessity, some men of 
high position and great attainments, endowed vnth qualities of mind that cause them 
to })G slow in estimating the value of that which is new. There are others who, 
either more sanguine than the first, or less cautious, or, it may be^ giiled with a 
greater rapidity of discernment, form their conclusions and act upon them, while men 
of more tardy minds axe still occupied in collecting and examining evidence. In the 
dialect of familiar professional intejcourse, the two classes of surgeons are super- 
ficially distinguished as the ** brilliant** and the ** safe ; ** although the propriety of 
tlie latter designation may be very fairly questioned. It would app>ear that ono who 
fails to appreciate and practise a remedy, the necessity c^f which time couHrms, can 
hardly Ix^ called the more " safe " adviser. 

It naturally hapx)ened that the new operation wa« first performed and advocated, 
ill this country, by distinguished members of the '* brilliant " school. Their accounts 
of its effect*? were met by considerable incredulity— by unwilUng trials upon cases of 
hopeless disease, and even by point-bhmk denials of the utility of the procedure* In 
spite of such opposition, iridectomy steatiUy gained ground in the opinion of every 
man who praotbed it skilfully upon eareftdly -selected cases, or who had op|>ctrtunities 
of obsemng such practice m tlie hands of others. More or less tardily and reluctantly, 
often in direct opposition to tlieir earlier preconceptions, and wrnieihuea in direct 
opposition to their previona writings, but nevertheless in fair and honest deference to 
manifest truth, the " sa^ '* ophthalmologists who are indebted for cjuinence to their 
intellectual capacity, are now, almost to a man, beginning to admit the prodigious 
importance and vidu** of the operatiom 

Witliin the liwt few months, however, the operators who practise and advocate 
iridectomy have V^een assailed by a clamour that ha^j scarcely even parodied the tone 
of a scientific discussion. A j>rofesBor eminent in general surgery, but hitherto 
unknown in connection with ophthalmic jiractice, and an ophthalmic surgeon whose 
eputution is supposed to rest ujK>n the manual dexterity associated with great Ijodily 
rength, courage, and activity, rather than upon nnusual powers of judging and com- 
paring — ^and in some d«^ree, also, it may be, upon tJie memory of the convincing 
argtiment by which, several years ago, he proved the ophthalmoscope to l« an useless 
and a dangercms instrument — have combined with a number of wholly unknown 
" Surgeons " and " Constant Headers " in an endeavour to establish the position that 
iridect^jmy cannot do any good, — -because they themselven neither practise it, nor under- 
stand the principle on which its action depends. The general effect of their letters would 
be to leave the impression, upon many minds, that there is, about iridectomy, a dif- 
ference of qnnion among competent judges. Such an impression would be erroneous* The 
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controversy (if, indeed, it may h** called by «ucli a name) has ]>roved the exi^tetice 
of surgeons who are not af'quaiiit<"d with the bcnefiti* that reisult firotn 
operation ; but it is an ahiiae of langtiage to describe the absence of knowledge tks i 
opinion » 

It ifl, of course, quit^. possible that a failure to obtain the g<MMi r-Sects doaoribodj 
may be due to a want of the dexterity and knack recjuircd for the proper performancoi 
of the necesaary manipulaticms. If the knife be carried behind the iri^, if the lena be | 
wounded, or if the audden dimmutiou of tension be followed by ehort>idal ha?morrliage!, j 
the condition of the patient will seldom l>o improved. Such accidentij, althou^'h not j 
difficult to proilucc, fire not inclnde<l within the proper programme of tlie operatio«;1 
and tlieir occurrence, in any case, destroys its value as on illnstratioii of the i^oraiis 
of iridectomy ♦ 

It would be improper to leave wholly without notice an operation thai liaa been 
advocated, in slightly varied forma, by Mr. Hancock, of London, and Mr. Vow* 
Solomon, of Binningham. TheHc gentlemen have employed section of the ciliarf I 
muscle as a substitute for iridectomy ; and Mr. Solomon, especially, has practiced bin j 
method for the cure of myopia. My own exiierienco of tliis *• in tra-ocular myotomy '* bil 
Very Hniitc<L In a severe case f>f irido-choroidiiis, with incivased tension, I made n i 
radial section of the ciliary muscle, on the temporal mde, witli much tcmjwjrary 
benefit. The eye became vety nearly well, but uudei'went epeedy relapse. I w^ j 
made an obhque section on the niLsal side, witli no other efi'ect than to increiwc the ' 
irritation. The patient then wished to go to London, where she underwent iridecininy 
at the hands of Mr. Critchett, but I have never heard with what result. BbartJy 
atlerward^s I met with a ca>se in which '* intra-ocular myotiimy,'* peribrmed l»y a vrry 
skilful surg"eon, had been followed by exteuHive detachment of the retina ; and, since then, ] 
I have wholly abandoned the operation . The caaet^ of myopia, published by Mr. Solomon, 
have not, as far as I have seen, been described with sufficient precision to convey ik 
clear idea of the state of vision, either hef<>re or after the section ; and there «ro 



* Iridectomy, Uka any other sQrgic&I procedure, would be liable to suffer in profenioial 
evtimtitioD if H were performed Id cnsea for which it wns not required. Under the impreBsion 
that such an abuse of the operation might have led to its being undervalued, I Mked Mf- 
Bownian to favour me with liifi opinion upon this part of the subject ; and he has ktndl/ { 
permitted roc to puhliah the following^ letter, dated Dec, 7th, 1863 : — 

** You ask me whether I think the opuration of iridectomy Tor gUucoma han been almted. 
I win answer for myself. I do not rememher to have peifarmed it in any case of glaucoma In 
which, with all the experience of its efficacy I have since acquired, I ehoald not now recommeod 
it, i*r be ready to perform it again. I can call to mind a very few instances in which it might hftvo 
been in ^me particulara more perfectly accomplished ; but they were nearly all among the 
earlier ciamples. I am very unwilling to express any decided opinion as to the opemUoQ in 
the hands of others. The knowledg^e of tlie diagnosis of cases of glaucoma has been a j^nMflU] 
acquisition, aod it is poa^ible that 9«imc operators may have imporfectly distitiguished the 
conditions of disease to which they applied this remedy ; and that some may have been indaeod 
by the urgency of symptoms to operate without an exact acquaintance witli the method, rather 
than allow their patients to forego all benefit it might oonftfr- From the firet intruduction M 
iridectomy into England in 1857, it has proved the source of the greatest blessing* ti» numvroua 
sufferers ; and now that the indications for it, and the mode of perfomiing it» arc geoer^ly 
understood, there will very shortly, in my opinion, be no excuse for any one, oculij^t or g^n^ral 
surgeon, who shall neglect cither to perform it himself in suitable caseSj or to pais« on hii 
patients to some one who wilt. Least of all is there even now an excuse for aoy oculist |»rfK 
f eating to have inquired into the subject, and who, at this somewhat mature period rtf o-or ] 
Qxperiouoc, not merely rejects it hiinaelf, and allows his patient#t to go blind lu defauliofit,' 
hut alnutt itf in a differeat aeoso from what you Intoud, when you luk whether tlio opeimUoQ 
liiu been abubed." 
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probably few surgeons who would feel thcraficlves justified in performing, on account 
of uncomplicated myopia, any operation whatever. On the whole^ I think it irjay 
fairly Ixt said that intra-f»cular myotomy i^ neither so efficacious, nor so free from 
danger, as H was believed to be by iU first advocates. 

Beplciion, — In the present state of professional feeh'n^ with regard to tlie 
lancet, there would perhaps be no ca^e of eye disease in which general dt^pletion 
would be considered necessar)'. Th« local abstraction of blood, however, is a remedy 
of the greatest value, and may be ativantageon sly practised either by means of leeches, 
or by the artificial leech of Baron Heurteloup. 

The apphcation of leeches to tJhe eyelids or temple is attended by the dis- 
advantage that their prolonged suction prtHluceB congestion of the neighU>uring parts, 
and of the very organ they are intended to relieve, They are therefore ill suited to 
cases in which it is wished to unload the ocular vessels at the smallest possible cost 
of blood. 

Dr. Jacobson, of Berhn, employs leeches in a very heroic manner, in the treatment 
ijpf cases in which inHammatoTy reaction is threatened after extraction of cataract.* 
le commences by applying four ; and every leech, as it falls, is replaced by a fii'sh 
n% until tJie pain and heat, or other alarming symptoms, are decidedly relieved. He 
I applied, in this way, from forty to eighty leeches to a single patient. 
The instrument of Baron Heurtelou]j consiBts of a small cylindrical drill, and a 
glass exhausting-tube with an air-tight piston. The drill can l»t^ set to make its 
incision to any desired dejith, and the piston works with a screw. In aijplying the 
instninient, care must l>e taken to accommodate the Bcrew movement to the rate of 
bleeding, so as not to make a vacuum above the column of blood. By this pre- 
caution, the instrument gives little pain ; and, hy its use, a few oances of blood may 
be rapidly drawn from an incision carrifKl into the temporal muscle* 

In whatever mode local depletion Ije practised* it is necessary for its lieneficial 
employment tljat all causes of local congesUou should 1^ cai'efidly avoided for some 
time aflerwards. For at least 24 houn*, the patient should l>e kept at rest in a 
darkened chamber, and the eyes cooled, from time to time, by the use of cold com- 
presses, or by the douche. Thii water pidvcriser, made by Mathieti, of Paris, 
affords a shower of fine spray, that is, in Buch caflca, extremely grati'ful and 
beneficial. 

Tlie symptoms that justify the abstraction of blood may depend either upon 
the acuteneaa and Bcverity of the disease, or u|>on its prolonged duration. 

The more acute infliimmatioua of the eyeball are UHually tlie restdts of injury, 

eitlier suT^gical or acc!idental, and are only in rare cases idiopathic. However arising, 

"bey r»%quir© active depletion in their earliest stages; and, when traumatic^ they 

lihonld Iw anticipated rather than followe<l. Tlie best evidence of the necessity of 

llKjmincncing or repeating the abstraction of blood will \ye fnniished by increased heat 

■of the eye ; apparent, at first, a.s a subjective sensation to tlie patient, and subHeqiiently 

^recognizable liy the toucii as a distinct elevation of temperature. In casea of a more 

clironic character, thr surgeon wiQ be guided in depletion by t^j ophthalmoHcoj>e — 

not only by the actxial state of the ocular vessels, but also by the degree in which this 

state is seen to bo influenced by tlie lims of blood. It will be proper to bear in mind 

that a gtxxl deal of congestion of the eye is olWn caused by fatigue of tlie internal or 

external ocular muscles, due eitlier to excessive exercise of the accommodaticm in 

cases of hypermetropia or astigmatism, or to the habitual demand for a degree of 

convergence of tlie q|>tic axes that ia painful to the intenial recti. In such cases, to 

practise depletion would mostly lie^to incrctwe the evil. 

Internal MeiUeathn. — In the selection and uso (»f internal remedies it Ls necessary 
to dintiiiguiah, with some care, between those that are directed against the local 

• ** Ein neweii and gefnhrlosca Opemiions-Yerfikhreii aor Hctluog des gnnen Sti»r©«/' 
Berlin : Pet«r«. lS6a. 
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affection, and those tlmt are directed agamst tLe conBtitutional state of which tlie 
]oc^ affectiou is only a single evidence. Beer and hia foDowers, in pressing the doc- } 
trine of the remote origui of ocnlaj diseases, were guided by a principle, the truth of 1 
. wliich has outHveni their somewhat fontaatio applications* of it. We no longer speak 
of " abdominal ophthalmia," but we recognize that many of the disorders of ^e organs 
of vision ari^e from constitutional conditionSi and are diseafies affecting the eje, in the 
Benae in which we speak of diseases affecting the skin. In all chronic morbiil etotei . 
of the internal ocular timics, and eepeciaBy in the absence of marked eyphilitic taint, I 
or gouty or rheumatic diathesis, it becomes the duty of the surgeon to scmtinize with ' 
great care the genera] condition of the patient, and especially the action of the more 
important excretory organs. Of the^e, the skin, the kidneys, or the uterus will rerj 
commonly be found at fault, and will always deserve the most sednloua atteDtioo. 
The means of stimulating torpid excreting organs, and of restoring their health j tone, 
fall too much within the domain of general medicine to admit of special notice here ; 
and it is sufficient to point out the indication, and to dwell npon the imperative 
necessity of fultilliiig it* Bathing, frictions, general tonics, appropriate exercise and 
diet» are resonrces of treatment the employment of which should be familiar to eveiy 1 
practitioner. Besides these, the special internal remedies of chief importance in oph-1 
thalmic medicine are mercury, opium, and iodide of potassium. 

Admitting fully that of the numerous preparations of mercury there are naanj of ^ 
nearly equal clinical value, I still think that the surgeon will nsually find it adviin- 
tageoufl to confine his choice among them within narrow limits, and to practise hiiastdf 
in the fret|nent observation of the effects of the same agent, rather than to vaiy hb] 
]>rqiaration for every patient. For this rcawn, I am accustomed, in acute caaea^ Co| 
prescribe blue piU almost exclusively ; and^ in chronic cases, the corrosive anblixnote. 

In the treatment of acntc inflammations within the eye, it is important, above alll 
things, to lose no time. The delicate structures affected may so speedily be mfurud 
in properties essential t<^ their usefulness, that any unnecessary delay or postponement j 
of resolution would of itself be a serious evil: hence it is usually desirable to treat] 
tlie internal ophthalmiie by the prompt and free use of mercury, up to the point of 
conunencing ptyaliam, and then to maintain the inilnence upon the system by such | 
doses as may be required, I believe it is never necessaiy, or even proper, to carry 
raercurial action t-o such an extent as to inconvenience tlie patient. The slight^ i 
possible swelling of the margin of the gums is a sufficient proof that tlie dnig is InHn* 
encing the system ; and this barely visible effect may be produced and maiutaincidtl 
in most patients, without being suffered to increasCt If the doses of blue pill l»tl 
combined with ox>inm, and guarded by chlorate of potash, they may be given at ahoril 
intervals — say two gniina every four hours, even to a delicate person. Aiter tln^ fir9t| 
day or two, it is usually more prudent to lengthen the inten'^als, even although no J 
constitutiontjJ effect of the medicine be |>erceptiblc. 

In acute intra-ocular inilanimation, in which mercury has checked the mov' * T 
cess, its action should usually be maintained until recovery is complete, or as < 
OS the circumstances of the case wiU allow. The propriety of continuing 
uhould be determine not only by the amount of vision and the state of thi? 
parts of the eye, but by the transparency of the vitreous body and by tht 
c<jndition of thej^osterior ocular membranes. 

The corrosive sublimate poBsesaefi great advantages In many chronic diseaMB, not 
only Ijccauao it will province all the good effects of mercury, as against either nmpln 
inflammation or syphihtic taint, with very little risk of ptyalism ; but also becanso itl 
admits of Ufing combinc<i with tonics and sedatives. In doses of from the sij±»!iithl 
to tlip tw«Tmty -fourth of a grain, combine*! with sulphate of quina, tincture of aeec|tit-l 
chloride of iron, and a Httle hydrochlorate of morphia, it may often be adniiiuM£risl| 
thrice daily, for months together, with great l»enefit. I am accustomed very t^Ugbtlyl 
to acidulate the raijcture with hydrochloric acid, and to rc*?fimmend that the tinrtniv i 
of steel employed should at the least lx» throe years old. It tindergoes certain chaug«i . 
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by keeping— wMck, without detracting from its efficacy n& a femigiiious tonic, render 
it much more grateful to the fltomach. The obvious precaution of iulministering the 
dose immeiiiately after food ia one that need acai"celj be mentioned. Where the 
corrosive sublimate will alone fulfil the requirements of the caae, there are few better 
vehicles for it than the compound tincture of bark, with a veiy small qiumtity of 
tincture of opium, to correct the griping pain eometimea caused by tlie salt itself. 
Tlie Liquor Beloa, so highly recommended as a vehicle by Mr. Wliite Oooper, does 
not, I think, at all gurpass the tinctures of bark and opium in utility* 

The corrosive sublimate is chiefly useful in diseases *Tf syphilitic origin, and 
generally in the chronic inflammations of i3achectic or weakly persons. 

The preparations of opium, of which I can only speak as invaluable adjuvants, ore 
relied upon by many practitioners as their principal reme<lies in the treatment of 
ocular inS animations. Mr. J. Zachariah Laurence was the iirst to ailvocate, in this 
coimtry, the *' morphia treatment " of iritis, an inflammation that is now known to ha 
most frequently associated with like mischief in the choroid. In the case of a patient 
possessing on idiosyncrasy hostile to mercury, I should not hei^itate to place my chief 
l^eliance upon some of the preparationa of opitim ; but it may fairly lie questioned how 
far sitch reliance is justifiable in ordinary oa^s. The effect of mercury in subiluing 
intra-ocular inflammations is so cleajr, and the duty of using the most rapid and cer- 
imn means to this end so binding, that there may well be a veiy intelligiblo reluct- 
ance to abandon a tried and trusty servant, however favourable the antecedent-s of 
the proposed succeseor. The cases reported by Mr. Laurence {Ed. Jouni, Dec, 1862) 
certainly seem to establish the ixisition for which he contends ; but, at the same time, 
our earlier knowledge of the effects of mercury will probably render surgeons indisposed 
to abandon it, even in favour of a i-emedy perhaps equally useful, but not yet sanctioned 
by the accumulated experience of many generations. 

In using this language, and in. expressing a very decided opinion about the present 
state of what may be considered a pending controversy, I do not for a moment lose 
sight of the views of those surgeons who denounce mercuTy. I am quite ready to 
admit that farther evidence may hereafter justify practitioners in abandoning its use, 
in favour of opium or of some other medicine ; and I do not forget that there are 
oases on record, well authenticated^ in which a second eye has been attacked by 
inflammation while the patient was under the influence of saUvation produced for 
the cure of the first. I cannot here enter into a discussion about the mode c«f action 
of the mercurial treatment, or debate whether it prod noes actual resolution of inflam- 
mation, or only the abeoq^tion of the scarcely organized inflammatory products. If 
even the latter view bo adopted, it must be remembered that the presence of such 
pr<idncts has a powerful iixflueuee in maintaining inflammatory action, and tbeir 
removal, in sul^duing it. But to sum up the matter in few words, and to express 
exactly wliat is on my mind, I would eay, that I think there is a certain degree of art 
in the management of a mercurial course, so as to obtain its fall benefits, and to 
exchide its possible dangers; and I think the cachexia induced by the e:xcesaive 
administration of this powerful agent, and the various diseases to which that cachexia 
entails an increased liahdity, afford no sound argument against the proper employ- 
ment of a valuable means of treatment. There are many morbid conditions in which 
we habitually prescrilje low diet, and find our account in doing so, although daily 
experience teaches us that tlie liability to such conditions is increased, and their actual 
severity is augmented, in persons who have, for any lengthened period, attempted to 
maintain lifi* upon an insufficiency of food. 

In pninful diseases of the eye, of whatever nature, the use of opium as an adjuvant 
should seldom be omitted. It roust not be tbrgotten that exalted tension is a frequent 
Bource uf jjain ; and that, when this is present, the cause should be rem<:»ved by iri- 
dectomy, itistead of the effect being masked by anodynes. But, wherever the sonroe 
of pain coimot l>e reachi^ the pain itself should b<* subdued; and the ojiiates 
required for this purpose should t*o measared by their eflects, rather than by their 
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quantity. Local pain is, aa a rule, hnrtfiil to tlie mitrition of the snfferingf part 1 
while it iH urgent, no proce^ss of repair can be actively CiuniiHi on. To give opiatnv] 
in quantities ijii?iilficient to afibrcl relief, even although the tlosea maj be absolutdj j 
lai^e, ia merely to add the injurious effects of a drug to tho&e of the pre-existin^l 
malady ; and it is only by pushing the remedy nntU etuse is obtained, th^t anyl 
ailvaiitage can be anticipated. For this purpose, the preparation Belect-ed slionld V»el 
given liberally at first; and a smaller dose be repeated, at short regular intervalft, nay" 
hour by hour, until jiain is effectually controUed. 

With regard to the foiTos of administering opium ^ the drug itself will be foaocl the J 
most generally useful. The preparations of morphia, or the various officinal and non-'l 
officinal solutions, may have their special advantages in certain cases ; but the pill of! 
sohd opium will usually fulfil all the indications. For local application, as a fomen- 
tation to the closed lids, a strong warm watery solution of opium is to l>e prefemid 
to all other preparations. The hypodermic injection of a solution of morphia i«, 
however, a higlily valuable means of giving the first dose, and of prodncing^ iU 
effects with a rapidity not otherwise attainable. The solution used for this pnrpoac 
may contain one-third of a grain m ten minims of distilled water; and the loose skiti 
of the temple should be the place selected for the punctTirc. 

The iodide of potassium has a wide range of nsefulnessin ophthalmic medicine, j 
In most cases of inflammation, either acute or chronic, it may be given together mthl 
mercary — Cfr alternately with it, or may even be eubstituted for it j and it may bgl 
combined with carbonate of ammonia, or with ayrap of iodide of iron, or with ainmonii>-| 
citrate of iron. In the very numerous cases that are immediately or remotely 
dependent n^^on syxjhilis, it is, of course, one of the chief resources of treatment ; 
its weU-tnown property of controlling nocturnal hea.dache extends, in some dG^^f^^tol 
the nocturnal exacerbations of pain so common in diseases of the eye. For adults^l 
the most useful doses? range from three to ten grains given three times a day ; and thef 
irritant action of the drug upon the stomach may be prevented, in nearly everj case J 
by the use of a sufficient quantity of barley-water, say from four to eight oiincea, aft] 
a vehicle. The larger doses will bo most nseftil in syphilitic patients, ajid tli 
smaller in eases of bimplo inflammation. 

In the eye, as in other organs, it is often necessary temporarily to cxcit-o thi? 
reparative powers of the system, not only by the employment of nutritions diet and] 
alcoholic stimulants, but also by the use of suitable medicines. For this purpose, Ui«» I 
carbonate of ammonia, given with decoction and tincture of bark, will very frequently! 
be found efiicacions. 

Couuttr irritathfi, in diseases of the eye, must be used and controlled on the &tune\ 
principles as in medicine gencraUy, and will be found useful in the waning stage of 1 
acute, and throughout the whole course of chronic inflammator}^ diiiorders. It may 
be effected most conveniently by the frequently reijeated ai>plication of bUsimng 
liquid, or blistering tissue, at the hack of the ear, or to the temporal region. It will 
sL'ldom bo found desirable to produce a very severe effect by a single applicatioo, or J 
to repeat the bliatering more frequently than at intervals of four or five days. Tool 
active a vesicant may produce a^dema of the eyelids and conjunctiva, as weU an irri*i 
tation of the deeper parts of the globe ; and the good influence of blisters upon the eyeA 
as well aa elsewhere, is usually moat manifest at, and shortly after, the period of thifir i 
hraling. The action of bHatcring tissue is easily regulated, by varying the tltno 
during which it is in contact with the skin, and this agent is therefore moro manog** j 
able than most other vesicants. 

In chronic or recurrent superficial disease, affecting the conjunctiva or the cpttVic- 1 
Hal layer of the cornea, Mr. Critchett employs, with very great advantage, stQalll 
setons in the hairy scalp, just above and in front of the ears. They are inserted by] 
lifling up the scalp, so as to remove it from the temporal vessels, and by passing' a] 
binje suture needle, carrying a piece of thick silk, through the resulting fold* *rti^J 
ut'odle is then cut off, and the double thread knotted together by its ends. The SRUynJ 
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track may be an inch or more in length, and should be completely concealed by the 
hair. Unless passed deeply, these threads are Hable to ulcerate out, especially in 
strumous aubjecte ; bat their employment is, nevertheleae, most advantageous in a 
g^at variety of cases. 

TIt*j Lonal Apjilicatliias required for diseases of the internal eye will not include 
the various agents known to all practitioners as valuable means of trcatmg disorders 
of the conjunctiva or of the corneal epithelium. They will include cold, warmth^ 
various anodynes, and the compress or Dmchverhnnd, 

The application of cold admits of being graduated with great exactness ; and may 
be effected in the gentlest manner by the fine spray of Mathieu's water pulveriser. 
The ordinary douche, first with a ro»e, then with a jet, and supplied with water of 
any required temperature, affords the means of more energetic refrigeration ; and the 
sedulous appUcation of iced poultices, or small waterproof bags of freezing mixture, 
changed every few minutes^ will meet the requirements of the most acute and 
dangerous cases. Sustained cold may also be applied by allowing water, iced if 
necessary, to drop continually upon a piece of lint or linen laid upon the closed lids. 
A vessel of water placed above the patient, and fumialied >vith a skein of loose thread 
to act as a siphon, forms a suitable apparatus ; and the water that drains away 
from the linen should be caught in a gutter of oiled silk, and conducted to some con- 
venient receptacle. Before arranging such a contrivance, the surgeon will do well to 
remember that the measure is a severe one, and that its self-acting character will 
cause it to be neglected by nurses, or people in attendance. It is therefore very likely 
eitlier to beeome deranged in its working without detection, or else to be allowed to 
produce a greater effect than is desired. The iced poultice, changed every few minutes, 
and requiring constant care, is less perfect in tlieory, but is in many respects 
better adapted to human frailty. 

The water pulveriser, or the douche with a rose, will be found useful after depletion 
in chronic cases. The douche with a jet is a liighly beneficial application in most 
chronic ailments of the eye, and should be allowed to play upon the closed lids for 
ten minutes or bo, twice daily. Sustained cold is only required in the most acute 
inHammations. It should usually follow depletion ; and should be regulated, in great 
measure, by the sensations of the patient. 

The form of douche employed is a matter of little importance ; but the reception of 
the water in a small glass, applied to the margin of the orbit, is a practice to be con- 
demned, because it interferes with the refrigerating effect that is the chief benefit of 
the application. A continuous stream is preferable to an interrupted one; and 
therefore a siphon is better than a syringe, A very good form is made by attaching 
a piece of metallic gas pipe, of the size and shape of a common horse>shoe magnet, 
to one end of a piece of india-rubl)er tubing four feet in length, and carrying a rose 
or jet at the other end. The metal tube will hang over the edge of a jug of water 
placed on a high shelf j and, the stream being once set going by suction, will continue 
until the water falls beneath the level of the short arm of the siphon. If a more 
elaborate apparatus be required, it is easy to make an ornamental table fountain, with 
a compressed air chamber, and to arrange that it shall play for ten minutes without 
requiring adjustment. 

External warmth, by poultices, simple or medicated, spongio piline, ba^ of boiled 
camomile fiowers, and so forth, is very soothing and useful in a great number of 
superficial ocular diseases. It is of less value in the more deep-seated affections — 
but cases will now and then occur in which it is indicated. As Sir Henry Holland 
has pointed out, temperature is a matter about which the sensations of the patient 
are usually safe guides ; and we shall meet with persons, every now and then, to whom 
cold is painful, and warmth, with moisture, soothing. There can be no doubt that 
our practice should be modified accordingly. 

Among locally -applied anodynes, atropine stands almost alone, by reason of Mn 
paralysing action upon the cihaiy muscle and sphincter pupilliB. The agents that 
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resemble it in this reepeot, snob as daturizit Have not been snffidentlj tested in prae- 
tice to fhmiili ne with oeitain proofe of their value, and their action is supposed to he 
wanting in permanence* Thanks to the labours of Mr. Hilton, the utility of rest, as a 
therapeutic agent, has become an axiomatic expression ; and atropine secureB rest to the 
internal eye. There is, therefore, scarcely any form of internal ophthalmia in which it 
should not be used, and in which it^ use will not secure one of the most important con- 
ditions of recovery. A Bolution, containing four grains of atropine to an ounoe of 
distilled water, is a convenient form ; and a large drop of this should be placed 
between the lids every four hours, iintO the pupil is fully dilated, and afterwards with 
suHicient frequency to maintain the dUatatiou. If the atropine should irritate the con- 
junctiva, Mr, Bowman advises that it should be omitted ; or else that ita irritant 
effect should be counteracted by nitrate of silver {Igr. 25j}* The elaborate alignment 
once published by Mr» Dixon, against the use of atropine in iritis, would hardly, in 
the present state of knowMge, be reproduced by its author ; and therefore does not 
rer|uire any special refutation. 

The application of other anodynes, in fomentations or medicated poultices, or in 
obtments, has only a limited utility, and falls within the range of general medicine. 
It would l>e improper to leave unnoticed the Culabai" beau, which is found nse^l in 
wounds of the cornea attended by prolapse of the iris. Its power of contracting the 
pupil serves to reduce the prolapse, and to prevent its recurrence. For this purpose, 
tbo betit apx>li cation is the solution of the extract in glycerine, placed upon the 
palpebral conjunctiva. It was at one time hoped that the Calabar bean would be 
useful in removing the effects of atropine, after ophthalmoscopic eiamination. The 
atropine is, however, so much the more powerful of the two opposed agents, that this 
hope has hitherto ficarcely been realized. When the active principle of the bean can 
be obtained in sufficient quantity, a different result may reasonably be expected. 

The corapresB (ArWs mmj^restij or the Druckverband), is composed of a small piece 
of fine soft linen, some charpie or cotton wool, and a bandage an inch and a half wide 
and four or five feet long. The middle third of this bandage should be made of knitted 
cotton, and the ends of highly elastic flannel. The closed lids being first smoothlj 
covered by the piece of linen, the surgeon lightly fixes the nasal extremity of the upper 
lid with the tip of a finger, and with the tip of the next finger draws the skin of the 
temporal extremity of the lid against the margin of the orbit, in such a manner that 
the lid itself ie gently tightened over the surface of the globe. Charpie is then care- 
fully packed in, so as first to fill the dt^pression immediately within tlie margin of the 
orbit, and then to cover uniformly the whole surface of the lids, until no central ele- 
vation can be felt by the surgeon. The end of tlie bandage is applied to the temple 
of the affected (say the right) side, and secured by a single turn at the same level. 
From the right temple it then passes over the left ear to the occiput ; and from the 
occiput the knitted cotton centre passes over the padding, with firm gentle pressure, 
to the left temple, from which the iiannel continuation makes a second turn, like the 
first one, round the head at the temporal level, and is secured by a pin over the right 
temple, at the point of commencement. The perfect adaptation of the charpie to the 
orbit must be maintained by the hand, until the bandage replaces it ; and before 
fixing the pin, the surgeon must satisfy himself that the degree of pressure is adii|»ted 
to the requirement* of the case.* 

The compress, thus applied, fulfils a great variety of purposes. By restraining the 
movements of the intraorbital muscles, it secures absolute physical rest to the eye 
and eyelids ; and, by its opacity, it affords rest to the iris and retina from the stimulus 
of light. It affords all the benefits of firm and equable support or pressure^ so valu- 
able in many infiammatory or congestive states. It maintains uniformity of tem- 

♦ The above instnictionB for applying the compress sro tulcen from a psper by von GrMo» 
in tbe Arch. f. OphLb. Band IX, Abtb. 2, S, 111, nnd afford a good illuatrtvtion of thatoArc- 
fulness about ouitlers of detail which so greatly promotes tbo succ^sa of treatment 
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per attire againat all external conditions, and it absorbs diBoharges with great rapidity. 
It has the disadvantage of being somewhat heating, and of placing a difficulty in the 
way of inspection of the eye. 

From the above description it follows that the compress should be applied after 
almost all eye operations— especially after cataract extraction and iridectomy, and the 
removal of staphylomatous oorneaa — ^in all cases, in short, in which there is danger of 
intra-ocular haemorrhage. It is also indicated in cases in which s^ch haamorrhage 
has occurred spontaneously; in ulcerations, wounds, and abrasions of the cornea ; and, 
as a protection to the eye, in corneal ana?sthae8ia, and in paralysis of the orbicularis. 
It is contra-indicated in all disorders attended by elevation of temperature* and 
wherever other kinds of local treatment are required. For further information 
on the subject I must refer the reader to the essay by von Grafe, already mentioned 
in a foot-note. 

The forgoing general remarks have been intended to supersade the neoessity of 
any detailed account of the methods of treating many of the morbid conditions 
described in the Fourth Section. The surgeon will find it desirable to beor in mind 
the observations, already cited, of Br. Liebreich, upon the more idiopathic and acute 
character of the disorders of tbo choroid, as contrasted with the constitutional 
character, and comparatively chronic course^ of the diseases affecting the retina. 
The former will manifestly demand a more active and local, the latter a more per- 
sistent and general plan of treatment ; modified, of course, in either case, by the 
special symptoms, condition, and requirements, of the individual sufferer. Indeed, 
it may even be worth while to remark that philosophical medicine, which aims at 
curing the patient, differs from empirical medicine, which aims at curing the disease, 
more widely perhaps, in ophthabnic practice, than in any other department of the 
healing art. The display of physical changes effected by the ophthalmoscope, and 
the attention given, of late years, to the evil consequences of intra-ocular pressure, 
have some tendency to lead the student to the belief that, in the eye, he can see and 
feel the whole of the forces against which he is required to strive. It is impossible 
to learn too soon, or to remember too continuously, that intra-ocular physical changes 
are something more than mere deviations from the physiological status of a single 
organ. They form, in every case, n pathological superstructure, resting upon some 
spccisJ foundation of diathesis, of temperament, or of acquired dyscrasia ; and, 
although this may be true in a greater degree of the retina than of the choroid^ or 
of one patient than of another, it is true in some degree of each and all ; and is 
never more conspicuously manifested than in the different results that, in two 
apparently healthy persons, may follow from the infliction of similar wounds or 
injuries upon l>oth^ In order, therefore, to treat ophthalmic diseases with success, 
it is necessary to look for something more than even the most exact physical diagnosis, 
and to study the subjective and the constitutional symptoms with a.^ much care and 
accuracy as the objective. Thus much being premised, I may pass on to a brief 
notice of some of the morbid changes described, a few of which appear to demand the 
mention of special therapeutic indications, 

Ejccavatwu of ike FapiUa, when acquired, must always be regarded as a 
mechanical result of increased intra-ocular tension, and as a reason for the perform- 
ance of iridectomy. Upon this sutgect, and upon the signs and effects of morbid 
tension, sufficient has already been said elsewhere^ 

Atrophy of the Optic Netve is a condition against which all the resources of 
treatment have been exhausted in vain. The perusal of Dr. Alfred Grafe's case of 
ischfomia retinxe (page 139) has determined me to perform iridectomy in any c«*c 
of apparently idiopathic atrophy that I may see at a snlBdently early stage. At 
present, 1 have tried tbe ofieration in a single case only, in which the disease was 
already far advanced. For a short time the patient declared that hia sight was 
• improved, but I could never satisfy myself that it was so ; and the improvement, if 
it over took {^lacc, baa certainly not been maintained. Among the methods of treat- 
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mcnt that have ntterly failed, the mo^t important hare been depletion and the i 
of mercury on the one hand, and of nervine stimulanis and tonics on the otikff; 
El^^ctricitj, quinine, phosphorna^ etrjchnine, and a host of other ag'ent^, liave aD bea 
equally barren of results ; and the obscurity that overhangs the natare of thr diirtir 
the uncertainty whether the ncrvaua fibrillm, the vessels, or the connecting ta8«xe»W 
the atnicture primarily affected, must necessarily tend to interfere with the penermB^ 
employment of any remedy whatever. In cases apparently due to excessiTe smoking* 
there seems to be no doubt that the abandonment of tobacco has been highly nsdiil. 
and I have lately heard from Mr. Wordsworth of a case in which the dii^^jc irii 
arrested by the reduction of the daily dose of tobacco from forty cigarettes to at 
In the present state of knowledge, therefore, the only indications are piKKff 
general, and require the abandonment of any viciouB habits or debilitating pmcdoei, 
in which the patient may be found to indulge.* 

In thi ca»e» of Hifpercemm of ih^ lietina that are apparently dne to mechaniol 
pressure behind the eye -ball, the surgeon will often find it impoaaible to interfieirewitk 

* Borne monthB ago, when the influence of tobncoo id prodaeing atrophy of llie Apiir 
nerves wa« much dtscuesed, it occurred to me that the experience of the Kgyptians and IWfc^ 
who are p«rhap» the greateat Bmokers in the world, would be of some vnlue as eirideood la tit 
eMe. Iq 1855-6, I wiui myself for many monthn resident in varioaa parts of AjsLatic TWlP^, 
aod hjvd opportunities of becoming ncquainted with the prevalent diaeases of th« ^tmxArf, 
among which, as f^r as I saw, anmuroais could not be numbered. In order to obtaio molt 
exact ioformationf I applied to Mr. Farqidiar, who was for many years surgieon to tbe Britiifc 
CoDHulate at Alexandria, and to Dr. Dickdon, the physician to Her Mi^o8ty*s KmVi*ry dl 
ODQsta&tinople. I requested these geutlemeo, if they could give me no truaiworthy rridcbc* 
about tobaeco, to state their opiniona about the prevalence of amaurosis ; bdotkuse I coosidcrsl 
tliat the frequent occurrence of tiib&cco disease, if uot recognised as such, would at all creali 
make itself felt by increaaing the number of amaurotic persons. The Utters written hf Kr^ 
l^'arquhar and Dr. Dickson reached rae too late to be Incorporated with the note on pag« IS! ; 
hut they seem to me to be too important to be omitted. I need oely say further^ ooneerikia^ 
them, that the tobacco to which they refer is not so strong as even the mild ▼arieitea unid is 
tbls country* 

Mr, Farquhar writes :— 

** In answer to your inquiry respecting amauroeia, I can only say tlukti diiviof IIm 
whole of my residence in Egyptj and among' the many thousand diseased eyes that I niainlnti, 
it was always a mystery to me that I aaw so very few cases of this affeotioti. The Egyptlaa% 
if it be posHibie, smoke eren more than the Tarks.** 

l>r. Dickson writes ;— 

''Amaurosis, taking the term in its widest seuue, is not a common oomplalnl 
Constantinople, or in Turkey generally ; and yet smoking tobacco is 6<> prevalent a vio©. ti 
it ia practised by the whnle population, Mohammedan^i Christians^ and Jewa, with baidlyi 
single eitception. Tlie Uiiua] amount of tobaooo consumed by one person, per moathp may I 
estimated at an oke, equal to 1^283 grammes ; or about 2^ lb. avoirdupois. 

" In addition to my own testimony on this head, I add that of Dr. MiUiDgen^ ooa ol 
oldest and nicwt celebrated physicians here, who declared to me that amaurosis waa a furi ' 
affoction in Constantinople. 

*' Dr. Hiibsch, our principal oculist, in reply to roy inquiries on this subject^ aays : — *glj 
Toil d 1*^4 ire Kavuir, souii la dtSnomioatinn gi^ot^rale d'amaurtiaa, s'it y .a beaoconp d*av*>ii:^1e9 Ihl 
CimHtantinople» en eitceptaut les CtUaractc*t }q snis ^ m6me de ri^|>ondre que t' ^plSf 

compart atiA autres centres de populatioDB, pr^i^ente un obifire d'aveugles de b<«a< < nmar 

\k celtii des utitre^ capitalea \ ici les affections oculairei sent plos iftTes, et ti oiireot ancuo 
caractbre partioulier digne d*6tre not6* 

*" II y a de« amauroses d^pendaotoa de vice sypkilitique, en nomhre antt cotisld4iiiblt j 
11 y a quelqtiea amauroses ct^r^ndes difpendantes de lesions dee centres nerveux ; \jsm 
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advantage, iinleas circumstances shoTiM pennit tLe removal of some exOBtosig, 
or otker jfrowth, from within tbe orbit, or should demand the removal of the globe. 
It occaaiunally happeiisi, however, that inflammation and suppuration of some of the 
Bofl jiarts within the orbit may be causes of mechanical ocular congestion, and may 
admit of relief by deep incisions into the orbit, above, or to the sides of the eye itself ; 
and that by such procedures vision may be saved. The cases axe extremely 
rare ; but the fact of their occasional occurrence ahould not, on that account, be 
forgotten^ 

Separation of the R^tlnat when first recognized by the aid of tbe opbthalmo- 
ifOopCf was regarded as an incnrable affection* Latterly, however, it has more than 
once been Buccessfully treated. Dr. Liebreich has succeeded in the cure of two recent 
cases by the nse of evacuant remedies, and by inaintainingi by the aid of some 
mechauical contrivance, complete imraobihty of the head of the padent. The eflrused 
fiuid has been absorbed, the detached membrane has been restored to its proper 
place, and vision hag returned* (inided by the occasional occurrenoe of a spontaneous 



du ctirvoAU et de U moelle aynnt dans oes derniers toinps priti ua developpetnent en rapport 
avec I'Activitu f»5briJe de notre itibcle, efc Vagltatioa purmaaeoto de^ eaprita j rl y ft qaelquea 
taid irissi mres d'amaurose albumiaurique. JVi observi^ des aioiauroaes chcz leu fuaiijiea 
grosMS, dtsparaiasatit avec h\ d^livrance (trois gu), 

"•J'obaorve iictuolloment cette forme d^amauroBo d^pendaato d*mie r^ttno-ohoroidite 
poAierioure ; elle est tr^a frdquente Buriout chez les person ties qui B*oocupeDt de travaax fitii 
qdi faligueut 1a vue. 

" *QQant k Tiwtion da tabac Bur le« yeiix, elle e«t tr^ probldmatique ; ioi tout le mondc 
rutnc du fioir jiu^qu'au matin, et da matia juBqu'an solr; lea bomaie^ fumeat beaaeoup, le« 
fetnmea ud pen moins que )e« honnDes ; et les tiafaais fumeot d^B Tago de sept k bait »ns< Jd 
nVi jamais po nttnbner Taaiaurose k Fabu^ da tabac; le aombre des fomoorB e^t imtneuBe, le 
nombre dcs amauroses eat Urait^. La famce determine sou vent, chex les personnos qai out la 
peau vi la canjonctive trbs d<^ticates, des irritations cbroniques^ dea ooogeations localetf, oa dea 
blepbarites cUiares avec perte de« cila, larmeimeat contiau, et rougeur plus ou moios intense. 
Vollh pour ractirin du tabao/ 

"On tbe othar band, I may ndd that daring a tea years* exteasive practice at Trip<>li, in 
North Africa, I found that aaiaaroais (I speak generally, for I had no npbtbalmoscope tbeo — 
1847*57) was a very common affection there ; and yet tbo natiTes, particularly the Bedouin 
Arabs, never smoke. 

'' Hence I infer that smoking tobacco L'lS no infiuonee whatever on the derelopment 
of amaurosis. What I believed to be the proatimate cauaea of this ioEnuity were, Egyptian 
ctpHiliatmia^ in eoaaequence of the violent congestion it excitet in the eye ; itrong glare of 
lighi^ Buch as yott meet with on tbe naked desert^ or issuing out of a forge, or glafM funince, 
tind itratning the adgbt upon microscopic objects, as exemplified by watcltuiakentj Jkc. Tbd 
climate and locality of C<jnBtJVUtinople must be very (?ongenj.il to the eye ; for the inhabitants 
nre noted for the fine development, expreBsion, and beauty of this organ. 

*'I may mention an example of amauroatM^ tLnslng from violent lueata) etnotioQ, which 
under iny care in 1844, 

**When tbe Turkish Expedition, under tbe command of Ko-oixl Ahmed Pasba, were 
taking pfiwesaion of tbe Jabel, a mountain district to the S, W. of Tripoli, Haclj-GiKjiiua, one 
of the Pasba*s agents, was ordered to exact tribute IVura a certain tribe of MarahtMiti*, vii'bo:se 
«*jI© ijccupation cnniiiateti io afforiling gratuitous bo^pitnlity to the wayfarer, and cliarity to 
tbo poor ; and who, on this scora, had ever before been exempted from taxation, Tbu Sbelk 
of these good people refused to aoLnowlcdgo the tax ; and pleaded that, tbdr levenuen being 
Bolely disbur^d fjr the benefit of the needy, the property wan h«'td sacred, and could not bo 
taxed. Hadj< Joutnii* ptsrHintcd in bis demand, got very angry, and even threatened to uso 
violence on tbe Sbelk, if he refused any iongor to pay. Upon which the venerable old man 
rase from bia seat^ outstretched bts arm towar^ls Uadj-Uounai, and, whilo retiring from bii 
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rent in ihe detacHed portion, tkrough whicli the sub-retinal efitiBicm huB pABsal 
the vitreous body, so as to allow the eubsidence of the retina, ron OmCii ba* 
few cases ptiiictured the prominence by a cutting needle, introdoced into the 
behind the crystalline lens, and guided by the judgment of the operator, olte 
study of the exact seat and ertent of the detachment. Mr. Bowman 
I8ti2, has not nnfrequently used one or two needlea for j>anctiiring or 
open tiie separated retina ; and Im experience* is, on the whole, favoi 
Ophihahuk H'tsjnial Heparts, May, 186-i-.) These procedures cannot 
ever, be conjHidered as among the ordinary resources of treatment ; and 
be Bafely undertaken by a practised operator, whose fingers and whose 
sense are thoroughly habituated to the degree of resistance o^red bj the 
ocular textures. It is not necessary, therefore, to give in this place any 
directions about the method of performing such operations. 

Tumours ni the infermr of iJie Eye may either be cystic, tuberonlar, 
malignant. I have found the first, between the choroid and the detached retiaai 
a disorganized eye-ball, that I removed because it was a source of pain ; o&d 
two last kinds are sufficiently common. I am not aware of any characters by 
in an early stage of development, and in the living eye, they can be dii _ ^ 
apart with certainty ; and, in the absence of such characters, it is clearly the 
of the ftiirgeon to enncleate the affected organ without unnecesaory dolay* in ugdit 
prevent, if possible, the threatened infection of the system by a malignant 
For the purposes of sight, the eye would in any cose be lost ; so that, 
microscope showed the morbid growth to l>e tuberculai'i no harm would be 
whereas, if it were found to be malignant, the patient would have some prosped 
being rescued from a miserable death. 

At tlie Kent County Ophthalmic Hospital, in January, 1863, 1 removed the 
of a young child, acting on the principle laid down above, on account of a new foi 
tion that was supposed, both by myself and others, to be tubercular, 
examinatioii, however, fully eatabhshed its mahgnojit character. It had 
at the lower portion of the retina, and had not reached the optic nerve. The 
made a good recovery ; and, up to this time (March, 1864), has had no return 
disease. The case is reported at length in the Medical Times and GrOsatlBf 
December 5th, 18G3. 

Eemoval of the eye -ball may bo effected, within its fibrous capsnle (oommoi 
called the capsule of Bonnet, but really Erst described by Dr. O^Ferrall, of Dublt 
with very little disturbance of the other intra-orbital textures, A spring spoouli: 
being placed between the lids, and the coiyunctiva being snipped all round, naar tj 
cornea, with scissors, the muscles should be taken up, one by one, on a strabismi 
hook, and divided close to their ocular attachments. A slight, gentle prcsstu 
between the sides of two contiguous Bngers, >vill make the globe start forwards ; 
the optic nerve being then cnt through, the eye ^vill fall into the hand of tl 
surgeon. A pair of sharp- pointed scissors, not too large, and curved on the flaiy 
pair of toothed forceps, a spring speculum, and a strabismus hook^ am 
instruments required. 

The operation is usually attended and followed by very slight haemorrhage, 
some of the blood effused is apt to make its way into the lax cellular tissue ohm 

presence, ipoke these words: — * Since you iziiiat in carrying ant your evil desigo tifioQ t] 
fuodfl of the poor, may the Almiglity curse you with blindnees. * These words wer« hsrd 
uttered when I observed (for I wns present) Hftdj-Go<5ou8 suddenly pUce his hand ujion 
b«ad, e^nd miiAn idoud from the tuieuse paio he felt there. This was not all— for b« 1 
become totally blind t 

** 1 did whAt I could to relieve his suOeringB, but to no purpose. Ho quitted th« cat 
And I he^rd that he died • tihort time afterwards, at his own home, sufiermg groaDy all 
While." 
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fbit, where it produces great discolouration of tlie eyelids and cheek» io that 
the i^atient in disfigured for many days. To obviate thia occurrence as much as 
possible, it is desirable to stop the bleeding by pouring a small stream of cold water 
upon the exposed surface (receiving the water aa it flows away in a basin or largo 
sponge) • The sj^eculum may also be left between the lids for half-an-hour, to 
facilitate the escape of blood outwardly; and the conjunctival wound may be left 
unclosed. Some surgeons unite the edges by a suture or sutures ; but their use 
does not appear to be attended by any advantage. I once had occasion to remove, 
at the same time, both eyes of the same patient, and I used sutures on one side and 
not on the other. There was no difference either in the period of healing or in the 
condition of the stumps. 

In one instance, in which sutures were used, the operation was followed by very 
rapid and considerable distension of the eyelids and conjunctiva, apparently from 
venous haemorrhage among the textures within the orbit. Cold wqjs apphed, the 
effused blood was speedily absorbedi and the wound healed as well as usual. 

Enucleation of the eyeball is said not to be wholly free from danger. Cases 
are recorded (two of them by von Grafe) in which the operation was followed bj^ 
inflammation of the orbital textures, that extended to the brain, and terminated 
fat^y. I have never heard of anch an instance under circumatances that per- 
initted me to investigate its history ; and I have performed the operation more 
than one hundred times, without ever seeing an alarming symptom produced 
by it. 

The fibrous capsule of the eye, after being perforated by the tendons of the 
recti muscles, passes forwards nearly to the margin of the cornea, and is then 
reflected upon the conjunctiva. This anterior portion is commonly known as the 
capsule of Tenon. It would be theoretically ]X)ssible to prevent the effusion of 
blood into the cellular tissue, by dividing the conjunctiva in front of the reflection 
of Tenon's capsule, and by pushing back the capsule to get at the muscles. I much 
doubt, however, if this could be accomplished in practice. 

AfW enucleation of the eyeball* a stump is formed by the muscles, covered by 
the conjunctiva. This stump will bear an artificial eye, but will only impart to it 
very limited movements ; and is tlierefore inlerior, for this purpose^ to the stump hit 
in cases of abscission of the &ont portion of the globe. 

In cases of intra -ocular tumours that showed signs of having already extended 
themselves beyond the limits of the globe, the aurgeon would, of course, expect little 
benefit from any oj deration ; but, in cases of growths advancing from the deeper partn 
of the orbit, the removal of the eye may afford much relief to the patient* The puin 
occasioned by the eye being j^ushed forwards is often agonizing ; and, when blindness 
is once produced, this pain may with great propriety be removed by the removal ot 
the suflering organ. 

The operation Is also indicated in all cases in which a blind eye, whether 
bhnded by disease or injury, but more especiEdly in the latter case, becomes a source 
of oontinuhig pain or irritation* Bemoval affords the only security against sympathetic 
inflammation of the other eye ; and such inflammation, if it should occur, is usually 
very intractable and injurious. 

The prmetvcc of Cydkercns CcUuIobcb, or of a Foreign Body^ either behind the 
retina or in the vitreous chamber, is a condition that seems naturally to call for some 
effort to remove the intruder; and that seems to justify any attempt, in this direction, 
that the circumstances of the case may suggest The well-known instance in whicli 
Mr. Dixon removed a fragment of metal is, perhaps, the most successful of this kind 
on record. Von Grafe has operated several times, for the removal of cyaticei'ci, 
metaUic fragments, and depressed lensen, and has used sometimes a corneal incision, 
sometimes an incision through the sclerotic, parallel with the periphery of the cornea, 
somewhat in front of the equator, and so planned as to divide partially two con- 
tiguous recti muflckfl without oompletely dividing either of them. The r^sultfl of 
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til ego operation a have not been very briiliajit ; and ench procedures could aalj k 
attempted with propriety by an opbthalmic sorgoon of great experience. Dr 
has extracted a cjaticercua, by meatiB of cannla forceps, through a scleral 
iiided by an ophthalmoscope fixed to his head, so that he was able to iliriTninaif. 
observe, both the parasite and the intstrnment. He mentions that the baae rf! 
neck of the parasite, which is lei^ trauBparent than the rest of its atnictnre, 
dotted with fine white calcareous parlndesj is the part that ia most resistent^ aiidtia 
aifords the mo,yt secure hold tf> the forceps. 

St'kr^cUma Posterior is a disease that may be chosen to illastrate tiie 
management ret[uired by chronic ocular intlamnmtion. Its treatTnent has becftVif 
well described by Mr. Soelberg Wc11p» in Ms ti*eatise on ** Long, Short, and W^ii 
^►iglit ; " and the description may be summed up as embracing rest, protectioQ ixm 
fttrong light, and from the red and yellow rays of the Bpectrum, by means of tto 
Bpectacles, depletion, derivatives, improvement of the general health, the ose of ^ 
eye douche, general tonics, con-osive sublimate, and iodide of potaasiam. To tti 
I may add, that the action of the internal recti seems to increase the protrufkfti 
sclerectasia ; and that it is therefore often desirable to provide the paticnti •ii 
weak prismatic spectacles, the bases of the prisma being tnrued towarcls the aai^ 
Such glasses render pencils of light less divergent, and hence dinxinish the 0^ \ 
vergencc of the eyes that would otherwise be required in order to direct both ifts 
axes upon a near object. 

Opaiutie^ 0/ the Vitreous Bodij, when recent and diffuse, are ttsually inflaien* 
tory, and may i*e<tuiro mercurial treatment ; membranous opacities are usaally tk 
results of former inflammation ; and flocculent opacities, when not the remains of ]hoi 
clots, are mostly dependent upon impaired nutrition. 

Ann L,, aged 24, domestic servant, consulted me on the 26th of October, 1B$1 
She was a well-formed young woman, somewhat anajmic, with light hair and Um 
irides ; and she stated that she had become suddenly blind of her right eye on thf 
day before. The same eye had been " bad " two years previously ; and she had hem 
two months under medical treatment, but the sight had never been e&la«^ 
restored. 

To eitemal appeai'ance, both eyes were perfectly healthy* The vision of the \di 
eye was perfect, but that of the right eye was limited to qualitative pcrce^^tion of ligkL 

Ophthalmoscopic examination showed that the vitreoua body of the right cyt 
was universally turbid. It presented the appearance of a white fog, through wbidi 
no trace of the papilla or the retinal vessels was discernible. 

The patient was ordered to rest the eyes, and to take gr. j of bine pill, iiilk 
gr. \ of opium, every night and morning ; and gr. iv. of ammonio-citrate of irm^ 
with gr. V. of iodide of potassium, and gr. ijss. of chlorate of potash^ three tisnis a 
day, at\er meak, in half a tumbler of barley water. 

Four days later, she reported sUght improvement ; with some trouble, she oOdU 
decipher No* 200 of Snellen's test types. Four days later still, her gmna shoved a 
mercurial line, and she coidd rea<i No. 50 with facility, Tlie vitreous humonr 
cleared sufficiently to allow details of the fundus to be obscurely seen ; and it 
manifest that the outline of the papilla was irregular. The mercuri&l pill 
ordered to be taken at night only, and the mixture to be continued. 

By the end of the following week, the vitreous liumour was perfectly d^^r, 
the patient could read No. 2. No further impro%'emeut was obtained ; and the 
guhir appearance of the papilla was found to be due to a patch of choroidal a1 
probably the result of the disease two years before. The patient said that her 
was quite as gcK)d as before the last attack. 

Membranous opacities, left behind by inflammation, arc not only in themsdiii 
impediments to vision, but they involve danger of producing, by their eoatrmdioo* 
separation of the retina. 

Yon Griifc records a case of extensive membranous opacityi in which the patknli 
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•a gir! of 1% could only count fingers at 18" distance ; and, with a 6" lens, could 
read, with, difficulty, No. 20 of Jager*« test types at 2". Yon Griife introduced a 
cataract needle on the outer side of the globe, just in front of the equator, and 
cnt the membrane m several directions. Immediate improvement followed, the 
membrane retracted and became absorbed, and,, ten months nfler the operation, vision 
was nearly perfect. 

The treat taent of Ajtwtrfqna, which resolves itself into the proper selection and 
H86 of spectacles, has already been partially described by English writers. Some 
papers by Mr. J, Z. Laurence, in the Medical Ttmt'^ and Gazette for 1862, and the 
work, already mentioned, of Mr. Soelberg Wells, will be found to contain much 
information ; and a translation of the work of Professor Bonders ** On disorders of the 
refraction and accommodation of the eye," is al)Out to appear among the pul>licationa 
of the New Sydenham Society. 

Adigmathmt like ametropia, requires suitable spectacles for its correction ; 
spectacles with lenses that arc cylindrical instead of spherical, and that restore the 
equilibrium between the differing meridians. The principle is very simple ; but the 
details of its application are somewhat complicated. Partly because astigmatism is 
not very common, and partly because a considerable apparatus and some experience 
are required in order to estimate its degrees correctly, general practitioners will 
usually prefer to send such cases to an ophthoImLC surgeon. For this reason, I havu 
not thought it rotjuisite to occupy space by details little likely to be useful, and 
that may be found, by those who need Uiem, in the 8f>ecial treatise of Professor 
Bonders, of which a French translation, by Dr. Dor, of Vevay, has been published 
by Mctisrs. Bailliere. 
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lit pu^c 128, hi the last imra^raph, continued uix)n page 120, the rc^ader 
will obeervo that the word jmh is used not only in ci^ntradintinction to dark^ but 
abo in c-ontnidiatinction to sJieathed, The German word (hla^s) is tlie same 
throaghoul ; and as the fibres, on losing their sheaths^ would assume a pale aap<?ct, 
it was perhaps intended tc* be so. It is more probable, however, that hlaifit^ where 
plac4?d ill opijosition to elmitlt^xi, is a minprint for blOetf, which sjignifiea bans or 
uncovered. 
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